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In the southeastern United States, there is a need for a native, cool-season grass
component for restoring and reclaiming grasslands and providing quality forage for
livestock. Experiments were conducted on southeastern wildrye [Elymus glabriflorus
(Vasey) Scribn. & C.R. Ball] to assess agronomic parameters, and establish a base of
information for use in future research and breeding programs. Optimal germination
requirements (temperature, light, pH, and physical dormancy) were evaluated. Our data
suggests that for southeastern wildrye, the optimal temperature required for germination
is between 15 and 20oC. Light treatments (constant dark, constant light, short day, and
long day) did not influence germination as much as temperature, but can be a limiting
factor to stand establishment. Acid source and pH treatments (HCl, H2SO4, and H3PO4 at
four pHs 3, 4, 5, and 7) revealed that southeastern wildrye tends to germinate the greatest
in soils with a pH greater than 5.0 (HCl at 66.7%), even though germination was
observed in lower pHs. Physical dormancy treatments [bearded/glume intact (control),
bearded/glumeless, debearded/glume intact, and bearded/glumeless removed] revealed

the debearded/glume intact treatment had significantly less mean percentage germination
(43.3%) than all other treatments. Planting depth was evaluated under five treatments
ranging from surface planting to a depth of 2.54 cm. For the two years this study was
conducted, the 0.64 cm treatment had greater percentage of seedlings to emerge than most
other treatments. Forage quantity and quality were measured in three experiments.
Orchardgrasses and tall fescue entries outperformed native entries in height, yield, and
ground cover ratings. Forage quality analysis revealed statistical similarities between
southeastern wildrye and improved, non-native cultivars. Harvest management
evaluating cutting intervals (20, 30, 40, 60, and 80-d) and subsequent regrowth for two
years was conducted. Quantity and quality analysis indicated that harvests should be
conducted every 20 to 30-d in order to maintain nutritional requirements for livestock
consumption. Future research should include: identification, selection, and development
of southeastern wildrye plants with enhanced forage traits (persistence, palatability,
lodging resistance) and establishment characteristics (higher germination, awnless),
grazing trials, and fertility response trials.
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CHAPTER I
INTRODUCTION

Of all of the plants used by man, grasses are the most important (Chase 1948). All
breadstuffs [corn (Zea mays L.), wheat (Triticum aestivum L.), oats (Avena sativa L.), rye
(Secale cereale L.), and barley (Hordeum vulgare L.)], rice (Oryza sativa L.), and
sugarcane (Saccharum sp.) are grasses. Lawns are sown to Kentucky bluegrass (Poa
pratensis L.), fescue (Festuca sp.), and bermudagrass [Cynodon dactylon (L.) Pers.] and
the majority of our pasture and range plants are also grasses. There is greater diversity in
the family Poaceae than any other plant family, to which grasses occupy nearly all parts of
the earth and far exceed any other in the total number of individuals (Teels, 1999).
Much research has been conducted on the physiology, morphology, and response
of management on North American native grasses. This research has led to a significant
body of knowledge that contributes to a successful, ever growing industry of
implementing these new findings (Teels, 1999). Distinct advantages such as drought
tolerance, disease and pest resistance, wildlife use, genetic diversity, and forage quality
has given rise to a number of studies directed towards their domestication and
improvement.
Range conservationists recognized that native grasses produce highly nutritious
and palatable forage. Not only were these grasses beneficial for livestock, but they
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evolved as an integral part of the prairie ecosystem. In these grassland ecosystems, native
grasses were extremely well adapted and could be easily maintained with proper grazing
management (Teels, 1999). However, these same conservationists also observed that
continuous removal of foliage by grazing practices could lead to a decline in production
of both quality and quantity of the desired species. Thus, ecologically based classification
systems were developed to enable range conservationists to assist landowners with the
management of native grasses. The practices reduced grazing pressure when range
conditions were at a low or declining state, and prescribed stocking rates that correlated
with the capacity of the land (Teels, 1999).
Under the preceding management scheme, native grasses could also be established
following the same concept. The knowledge of species composition (seeding mixtures),
seed morphology, and establishment methods grew with the interest in their adaptation
and use. With this new knowledge came problems to overcome, such as; seed dormancy
and appendages, timing and method of harvest, plant population ecology and biology, and
possible genetic implications. Technologies were created to address some of these
problems; harvesting, cleaning, planting, weed control, and fertility response and
requirements (Teels, 1999).
Due to the use of native grasses in “new” regions or climatic zones, advocates may
not be aware of the associated technologies. With this knowledge, mistakes can be made
in planting and management that can severely compromise the benefits of native grasses.
Examples include: planting seed grown in geographically different locations, planting on
sites where little is known about the native species that would have grown there naturally,
2

and ignoring proven techniques for planting or weed control. Lacking attention to detail
could prove detrimental to the goals set forth for a particular project (Teels, 1999).
Continued research is needed to enable land managers to correctly implement
management strategies to existing and restored grasslands. The domestication of native
species coupled with greater understanding of their agronomic capabilities could prove
beneficial for both the user and the benefactor. Unfortunately, the knowledge base that
comes with these grasses is severely limited in certain realms of use. Agronomic
practices such as planting depth, harvest regimes, seed production, germination
requirements, and forage quality are often unknown. Studies addressing these concerns
will not only standardize native grass establishment, but will broaden our knowledge base
for future species/cultivar breeding, development, and release.
Native grass breeding, particularly for grasses whose purpose is for biofuel
production, has generated a fair amount of interest and controversy. Varieties of
switchgrass (Panicum virgatum L.) have been released due to their selection criteria for
increased above ground biomass (Taliaferro and Hopkins, 1996). However, some have
expressed concerns over the possible genetic contamination, pollution, swamping, or
erosion of local gene pools from introduced germplasm (Casler et al., 2007). In terms of
a forage, improving palatability and selecting for enhanced forage quality in native
grasses using phenotypic recurrent selection (PRS) has been conducted (Vogel et al.,
1991). To date, a majority of selection has been placed on native, warm-season grasses.
Few native, cool-season grasses have been evaluated as a forage in the southeastern
U.S. Interest in the use of wildrye (Elymus sp.) has led to some studies evaluating it’s
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potential as a forage and conservation planting. Most studies have concentrated on
Virginia (Elymus virginicus L.) and Canada wildrye (E. canadensis L.) due to their wide
range of adaptation and germplasm availability. The subsequent studies were conducted
in order to evaluate multiple wildrye species {focused predominantly on southeastern
wildrye [Elymus glabriflorus (Vasey) Scribn. & C.R. Ball]} found in the southeastern
U.S. so as to establish a knowledge base that could be used for future breeding programs.
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CHAPTER II
LITERATURE REVIEW

Southeastern Wildrye as a Forage
Native Grasslands as a Forage Source
Native grasses were once a crucial component to livestock production in the
southeastern United States. During the late 1600's, sedentary tribes of native-Americans
began raising cattle, sheep, and horses acquired from European colonists by grazing these
native grasslands. Big bluestem (Andropogon gerardii Vitman), indiangrass
(Sorghastrum nutans L. Nash) and switchgrass (Panicum virgatum L.) were found
growing on favorable soils, providing generally nutritious forage to livestock, but were
eventually overgrazed. Reduced seedling vigor (seed dormancy) resulted in poor stands
and they were replaced by less desirable, exotic grasses or row crop production. Native
grasslands quickly diminished as row crop agriculture and livestock production became
the primary focus for these ecosystems. Tillage practices ultimately led to the erosion of
these highly productive soils, thus requiring the need for grasses to promote soil structure
and retention properties. Unfortunately, the native grasses remaining possessed low
nutritive quality, low yields, short reproductive seasons, and intolerance to sedentary
grazing which placed animal agriculture at a distinct disadvantage in the South (Ball et
al., 2007).
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Improved pastures and large-scale beef and dairy production were not a major part
of Southern agriculture until the 1930's and 1940's. Since then, a massive expansion of
cattle production has occurred and domestic forages have become an important
commodity. Currently, there are over 24 million hectares (60 million acres) of perennial
pasture and 8 million hectares (19 million acres) of annual pastures in the South
composed mostly of introduced, cool-season species (Ball et al., 2007). These species
include: tall fescue [Schedonorus phoenix (Scop.) Holub], annual (Lolium multiflorum
Lam.) and perennial ryegrass (L. perenne L.), bluegrass (Poa annua L.), orchardgrass
(Dactylis glomerata L.) and timothy (Phleum pratense L.). Of those aforementioned, tall
fescue is the predominant choice for livestock producers across the southeastern United
States.
The control of these introduced species is of utmost importance when establishing
native grasses. Grasslands and other endangered habitats in the mid-western, eastern, and
southern United States have been threatened due to their pervasiveness (Ball et al., 1993).
Invasive, exotic plants possess physiological traits that enable them to exploit ecological
opportunities (Renne et al., 2004). Tall fescue has been used on more than 14 million
hectares in the United States in which 90% of it is infected with a toxic fungal endophyte
(Neotyphodium coenophialum) (Ball et al., 1993). Tall fescue has been shown to affect
the nutritional ecology of such off-target species as songbirds and Canada geese (Branta
canadensis) (Conover and Messmer, 1996a; Conover and Messmer, 1996b) along with
providing poor habitat for northern bobwhite quail (Colinus virginianus) and cottontail
rabbit (Oryctolagus cuniculus) due to the low botanical diversity, lack of sufficient bare
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ground, and poor vertical structure (Barnes et al., 1995). Habitat manipulation and
disturbance improves tall fescue-dominated fields by converting the land into better
quality habitat for wildlife (Washburn et al., 1999).

Cool-Season Forages
Cool-season grasses make most of their growth under cooler climate conditions
and serve as the primary forage for ruminant animals in temperate regions of the world.
Not only do these grasses provide feed in the forms of pasture, hay, and silage, but also
play important roles in soil conservation, watershed protection, and wildlife habitat
(Moser and Hoveland, 1996).
Cool-season grasses are biologically and economically important components of
many rangeland systems. Their significance has increased in certain ecosystems by
simply being original vegetation, or by invading or increasing because of changes in
grazing, frequency of fire or other factors. North American rangelands have been shaped
throughout the centuries. The Great Plains support some trees, but fires caused by
lightning or kindled by Native Americans and settlers on intensive migrational grazing of
bison (Bison bison) promoted vast grasslands with deep, fertile soils (Hart et al., 1996).
The tallgrass prairie encompasses the eastern portion of the Great Plains, and is the
southern extension of the mesic prairie, with the fescue prairie to the north and the arid
mixed prairie to the west. Soils in the tallgrass region are mostly of the Chernozemic and
Brunisolic Order (Daubenmire, 1978). These tallgrass prairies are often dominated by
warm-season grasses; big bluestem, little bluestem (Schizachyrium scoparium Michx.
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Nash) , indiangrass, and switchgrass. Species found on more mesic sites are: switchgrass,
Canada wildrye, Virginia wildrye, heavy sedge (Carex gravida L.H. Bailey), and sideoats
grama (Bouteloua curtipendula Michx. Torr.) on drier sites (Hart el al., 1996).
Yields from undisturbed tallgrass prairie weigh in about 3500 kg/ha, but can be
substantially increased by litter removal with grazing (Weaver and Tomanek, 1951; Sims
and Coupland, 1979) or burning (Knapp, 1984; Ewing and Engle, 1988). Burning
improves forage quality and increases livestock gains by removing detritus material and
invigorating new plant growth (Allen et al., 1976; Anderson et al., 1970).
Cool-season pastures grown in the Transition Zone from the temperate North to the
humid South are dominated at lower elevations by tall fescue. Tall fescue has persisted
for long periods remaining productive on a wide variety of soil types. Soils in the
Southeast remain wet during the winter and are subjected to considerable winter heaving
(Burns and Chamblee, 1979). Availability of other perennial cool-season species is
limited. Orchardgrass begins to disappear by the 2nd year of production, and is almost
absent by the 4th year after seeding (Burns and Bagley, 1996). The north-south Transition
Zone is large (AR, KY, MI, NC, SC, and TN; southern portions of IL, IN, OH, WV, and
VA and northern portions of MS, AL, and GA). Cool- and warm-season grasses grow in
this region, but neither are as productive compared with yields grown in their more
adapted zones (Burns and Bagley, 1996).
Cool-season forages have two periods of growth: early spring (April through May)
followed by weak to no growth in the summer, and modest growth in the fall (September
through November). Fall growth is vegetative which is conducive to stockpiling and
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grazing in situ to extend the grazing season (Matche,s 1979). A combination of cool- and
warm-season forages for maximum grazing is recommended throughout the Transition
Zone (Crickenberger et al., 1984). Grazing behavior, relative to canopy characteristics
and herbage mass (HM), is helpful when several pasture species must be grazed in
sequence as in the southern U.S., where both cool- and warm-season species must be
used in combination for season-long grazing system (Burns and Bagley, 1996). The
development of a native cool-season forage, such as wildyre, would allow land managers
the opportunity to graze year-round in a completely native system.

Native Cool-Season Forages
Few native, cool-season grasses have been evaluated as a forage. Interest in the
use of native plant species for conservation and restoration has increased during recent
years due to new federal policies regarding invasive species, conservation plantings, and
farm programs (Harper-Lore, 1998; Federal Register, 1999). Interest in the use of wildrye
has led to some studies evaluating it’s potential as a forage and conservation planting.
Most studies have concentrated on Virginia and Canada wildrye due to their wide range
of adaptation and germplasm availability.
Virginia wildrye was evaluated as a potential native, cool-season forage for the
northeastern USA (Sanderson et al., 2004a). Due to limited information on the use of
Elymus, the objective of Sanderson’s study was to evaluate several collections for dry
matter yield, persistence, and related morphological characteristics. Thirteen accessions
(collected from several northeastern states in 1998 and 1999 by the USDA-NRCS Plant
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Materials Center in Big Flats, NY) and two commercial sources (‘Omaha’ from Stock
Seed Co. and a Pennsylvania ecotype sold by Ernst Conservation Seeds) were compared
to two orchardgrass cultivars (Potomac and Pennlate) in three locations: USDA-NRCS
Plant Materials Center in Big Flats, NY, Russell E. Larson Agricultural Research Center
at Rock Springs, PA, and USDA-NRCS National Plant Materials Center in Beltsville,
MD. Seedlings of each entry were grown in a greenhouse, and planted into single row
plots of 10 plants per plot. Plots were harvested in spring and summer. Harvesting
methods included: Counting the number of tillers, monitoring anthesis date, and
determining dry matter yield. Tiller analysis consisted of counting the number of leaves
and measuring leaf area. Average anthesis for wildrye followed a general trend that more
southern collections matured earlier than those of more northern origin. Overall, wildrye
survival was lower than that of orchardgrass. Orchardgrass dry matter yields were greater
than most wildrye accessions and cultivars. Wildrye at all three locations experienced
minimal regrowth in late summer and fall. Orchardgrass also produced more tillers per
plant than wildrye entries. The study concluded that Elymus accessions performed
similarly to the commercially available cultivars, and were not as productive as
orchardgrass regarding dry matter yields and tillering, especially in regrowth.
Considering other species available for forage, Sanderson et al. (2004a) suggests Elymus
may be better suited for conservation plantings in the northeastern U.S.
Genetic variation for nutritive value exists within many cool-season grasses
(Casler et al., 1996). This variation can be a result from differences in maturity or plant
morhphology. Nutritive value can be improved by changing cell wall composition
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without affecting plant maturity or morphology (Casler and Carpenter, 1989). Grazing
animals tend to respond to a combination of physical properties and chemical cues that
manifest as preference (Beaumont et al., 1933). Leaf width and thickness are useful traits
for selection of grasses for cattle preference (MacAdam and Mayland, 2003).
Sanderson et al. (2004b) conducted a second study evaluating the nutritive value of
Virginia wildrye. The same accessions and locations used in the previous study were
analyzed for neutral detergent fiber (NDF), crude protein (CP), and digestible NDF
(dNDF). These measures were related to plant morphological attributes [leaf width,
length, area, and leaf-to-stem mass ratio (LSR)]. Results indicated differences between
accessions in nutritive value and had lower NDF and higher CP and dNDF than the
commercial ecotype, Omaha, and orchardgrass. Later anthesis dates for Elymus allowed
it to have higher nutritive value at harvest when compared to orchardgrass. Leaf-to-stem
ratio accounted for most of the variation in nutritive value. Neutral detergent fiber was
negatively correlated with LSR, whereas CP and dNDF were positively correlated.
Neutral detergent fiber was also positively correlated with leaf length. These
characteristics indicated that Elymus is nutritionally comparable to other cool-season
grasses such as orchardgrass and tall fescue.
Little barley (Hordeum pusillum Nutt.) is a native cool-season annual grass that can
be a high quality forage if utilized before plants produce seed heads (Fischer et al., 1982).
This cool-season forage can provide early-spring grazing before the bermudagrass
(Cynodon dactylon L. Pers.) pastures start growing (Smith, 1974). Bosworth et al. (1985)
showed the native species Virginia wildrye, little barley, Virginia pepperweed (Lepidium
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virginicum L.), and Carolina geranium (Geranium carolinianum L.) as having high
nutritive quality as indicated by in vitro dry-matter digestibility (IVDMD) values. The
study compared IVDMD, crude protein (CP), P, Ca, Mg, and K concentrations of nine
cool-season pasture weed species to four cultivated forage species: ‘Wrens Abruzzi’
cereal rye, ‘Kentucky 31' tall fescue, ‘Regal’ ladino clover (Trifolium repens L.), and
common hairy vetch (Vicia villosa Roth.). Plots were hand planted and harvested at
vegetative, flowering, and fruiting stages of physiological maturity. All species were
more than adequate to provide the protein requirements of 11% for a growing beef steer
when sampled at the vegetative stage of maturity (National Research Council, 1976).
Virginia wildrye was the only weed that decreased in CP that would be considered
inadequate for a high-producing ruminant diet. Mineral content analysis indicated
Virginia wildrye was the only species that had a marginal level of Ca at the most mature
stage. Low Mg levels (less than 0.2%) may cause a condition called hypomagnesemia or
grass tetany which occurs in late winter and spring with lactating beef cows (Grunes,
1973). Carolina geranium, Virginia wildrye, wild oat, and little barley were considered
tetany prone, however so were the cultivated species. The parameters measured in this
study concluded that many of the cool-season weeds found in the southeastern U.S. are of
comparable quality to commonly grown cool-season cultivated forage species.
Digestibility of the cool-season weeds declines as the plants mature, but weed nutritive
quality is generally superior to warm-season perennial grasses. Immature, young, coolseason weeds can provide a high-quality feed for grazing animals before warm-season
forages begin seasonal production (Bosworth, 1985).
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Characteristics of the Species
Wildryes are a diverse group of perennial forages comprised mostly of the genera
Psathyroachys, Elymus, and Leymus. Wildryes are valuable sources of forage and habitat
in the temperate regions of the world. Breeding programs have used these grasses for
sources of genetic improvement for disease resistance, salinity tolerance, and other traits.
Distribution of these genera ranges throughout the temperate regions of the world
including Asia, Europe, and North America. Several species of wildrye have been used
in North America for rangeland improvements, such as: Russian wildrye
[Psathyrostachys juncea (Fisch.) Neveski], altai wildrye [Leymus cinerus (Scrib. &
Merr.) Love], blue wildrye [Elymus glaucus Buckley], and Canada wildrye (Asay and
Jensen, 1996).
Elymus is the most diverse and widely distributed genus in the family Triticeae.
This genus is comprised of species in the wheatgrass complex, specifically thickspike
wheatgrass [Elymus lanceolatus (Scribn. & J.G. Sm.) Gould] and slender wheatgrass
[Elymus trachycaulus (Link) Gould ex Shinners] and the wildryes. Wildryes are typically
caespitose, self-fertile, short-lived perennials. The genus is based on the St, H, and Y
genomes. The most noteworthy species are Canada wildrye, blue wildrye, and Dahurian
wildrye (Elymus dahuricus Turcz ex Griesb).

Generic Characteristics
Elymus plants are perennial, sometimes caespitose, sometimes rhizomatous, and
sometimes stoloniferous (Barkworth et al., 2007). The culms range from 8-180 cm,
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usually erect to ascending, strongly decumbent to prostrate at times, and usually glabrous.
Leaves are evenly distributed, somewhat basally concentrated. Sheaths are open most of
their length; auricles are often present; ligules are membranous and usually truncate or
rounded, sometimes acute, entire or erose, and often ciliolate. Blades are from 1-24 mm
wide with abaxial surfaces that are usually smooth or scabrous, sometimes with hairs.
Inflorescences are spiked, exerted with 1-3 spikelets per node. Internodes are from 2-26
mm and rachises with scabridulous, scabrous, or ciliate edges. Spikelets are usually
appressed to ascending, sometimes divergent or patent, with 1-11 florets. Glumes,
usually two, are absent or highly reduced in some species, but equal to subequal, usually
linear-lanceolate to linear, setaceous, or subulate and extending into an awn in others.
Lemmas are linear-lanceolate, veined, with awns terminal or from the sinus. Paleas are
from shorter to slightly longer than the lemmas. Anthers number to three ranging in size
from 0.7-7 mm. Caryopses have hairy apices (x = 7) (Barkworth et al., 2007).
Elymus is a widespread, north temperate genus of about 150 species (Barkworth et
al., 2007). This includes: Sitanion Raf. and Roegneria K. Koch, but moves some taxa
that some include in Elymus to Leymus, Pascopyrum, Pseudoroegneria, and Thinopyrum.
There are 32 species of Elymus native to North America (Barkworth et al., 2007). Of the
seven non-native species examined by Barkworth et al. (2007), one is naturalized (E.
repens), two are distributed as forage (E. dahuricus and E. hoffmannii), two are only
known from ballast dumps and not established (E. tsukushiensis and E. ciliaris), and two
(E. caninus and E. semicostatus) have been attributed to the flora region, but specimens
have not been located.
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Complex patterns of morphological diversity within Elymus reflect a combination
of multiple origins including different progenitors, introgression, hybridization with
genus and other members of the tribe, and morphological plasticity (Barkworth et al.
2007). All species of Elymus are alloploids that combine one copy of the St haplome
present in Pseudoroegneria with at least one other haplome. All species native to North
America are tetraploids with one additional haplome (Barkworth et al., 2007).
Bowden (1964) also gives a detailed description of the Elymus genera along with
several of the species found native to Canada and the U.S. The following characteristics
distinguish Elymus from other perennial genera:
Elymus is a perennial, tufted genera with long coarse or slender rhizomes. Leaf
blades are either fine-veined and if pubescent, the hairs are usually in a single row on the
top of each vein, coarse-veined and if pubescent, the hairs are short, abundant or sparser,
scattered on the top and sides of the vein. Spikes are slender to coarse, and dense with
the rachis easily visible between the spikelets. Lower florets are fertile in each spikelet
and the florets gradually get smaller toward the spikelet apex. The rachis is tough,
continuous, not disarticulating and are somewhat brittle. A pair of glumes and the first
rachilla joint from each node, with the rest of the spikelet disarticulating at maturity.
Glumes can be well-developed or unequally reduced, rudimentary or absent in several
species, awnless or awned. Mature grain is adherent to the lemma and palea (Bowden,
1964).
Several species of wildrye have been identified in the southeastern U.S.
Cytotaxonomy of the genera Elymus has received considerable attention and is outlined
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very thoroughly by Bowden (1964). Four species were examined in arboretum plots and
greenhouse conditions: E. canadensis, E. virginicus, E. riparius, and E. hystrix.

E. canadensis
Cananda wildrye morphological characteristics include tufted culms without
rhizomes, glaucous or greenish, and slender culms below the spikes, and coarse toward
the bases (Figure 1). Plant heights reach 100-150 cm high, with leaf blades 0.5-1.5 cm
wide, and spikes 25-35 cm long. Glumes are linear, narrow, and broadest below the
middles, tapering toward the apices. The awns are about as long as the seed body, with
the lemma awns outwardly curving at a maturity (Bowden, 1964).
Canada wildrye is a highly self-fertile allotetraploid (2n = 4x = 28) with a SSHH
genome constitution (Dewey, 1965). This polymorphic species is distributed in variable
habitats throughout the U.S. and Canada and found on wet alkaline sites and in dry sandy,
gravelly, rocky, or alluvial soils on shores of beaches of rivers, creeks, and lakes
(Hitchcock, 1971). It has a relatively coarse texture making it a less desirable forage.
Seed yields are high, shattering is not a problem, however, the long awns make threshing
difficult (Hafenrichter et al., 1949).
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Figure 1

Canada wildrye (Elymus canadensis L.) specimen recorded at the Bexar
Regional Herbarium, San Antonio, TX (Native Plant Society of Texas,
1990).
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Many of the USDA-ARS and NRCS research stations and Plant Materials Centers
(PMC) have collections of wildrye accessions. The only known named cultivar of
Canada wildrye is ‘Mandan,’ which was released in 1946 by the USDA-ARS Northern
Great Plains Research Center at Mandan, North Dakota. Mandan was derived from a
collection made near Mandan, ND and has more and softer textured leaves, shorter culms,
and is more persistent than the ‘common’ Canada wildrye (Hanson, 1972).
The Elsberry PMC in Elsberry, MO collected Canada wildrye from north, central,
and southern Iowa in USDA hardiness zones 1, 2, and 3 and was released as source
identified germplasm in 1994. Elsberry describes the plant as being more coarse than its
close relatives, growing 0.6 to 1.5 meters tall. Growth begins early and continues through
summer and may resume in the fall after a period of summer dormancy (USDA-NRCS
Elsberry PMC, 2000).
The Rose Lake PMC in East Lansing, MI has released a tested ecotype of Canada
wildrye for the Midwest and Great Lakes Region called Icy Blue. Icy Blue is
characterized by its whitish, waxy bloom, and claw-like auricles. Spikelets can reach up
to 22 cm in length with awns reaching 5 cm. Icy Blue is a composite of a collection of
unaltered germplasm for use in prairie restoration, erosion control, and wildlife habitat
enhancement (USDA-NRCS Rose Lake PMC, 2004).

E. virginicus
Virginia wildrye is tufted without rhizomes, possessing erect culms reaching 27120 cm high (Figure 2). Leaf sheaths are glabrous or hirsute with leaf blades being thin
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or rather thin, scabrous, scabrid, or glabrous widening to 3-18 mm. Spikes are long,
erect, stiff, dense, well exserted, or partly included in the sheaths. Glumes are flat and
nerved with one nerve being more prominent than the others. They are very rigid, firm,
strongly indurated and may be bowed out or curved at the base. The glumes may also be
awnless or tapering to straight awns about as long as the glume bodies themselves.
Paleas are slightly shorter to slightly longer than the lemma bodies (Bowden, 1964).
Virginia wildrye usually occurs in open woods, often along shores of rivers or
streams. It ranges geographically from Newfoundland, west to Alberta in Canada south
to North Carolina and Texas in the U.S. (Bowden, 1964). Bowden (1958) reported
Virginia wildrye as a tetraploid (2n = 4x = 28), verified by additional accessions.
The Elsberry, MO PMC has released a collection obtained from the Cuivre River
from a shady island and bottomland along the Mississippi River, north of St. Louis. The
collection can tolerate periodic flooding and is suitable for lowland plantings and various
soil types. Multiple field plantings in 3 states (Missouri, Illinois, and Iowa) indicated
80% survival with excellent vigor. Sandier soils resulted in lower survival.
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Figure 2

Virginia wildrye (Elymus virginicus L.) specimen collected by Daniel
Campbell in St. John the Baptist Parish, LA (Southeastern Louisiana
University Herbarium, 2003).
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E. riparius
Eastern riverbank wildrye (Elymus riparius Wiegand) also has tufted culms
without rhizomes, while the culms are slender below the spikes, and rather coarse toward
the bases, reaching 70-180 cm high (Figure 3). Blades are thinner, up to 5-22 mm wide.
Spikes are dense, erect or slightly arched, and long, 9-15 cm. Glumes are narrowly linear
and slender, with the glume bodies wider than the awns. The glumes are awn-tipped,
with the awns being long and straight, 2-3 cm long (Bowden, 1964). Habitats include the
banks of rivers and streams, on low ground, or at the edges of thin woods or in thickets.
Geographical range locates this species in southwestern Quebec and southern Ontario in
Canada, and from Maine to Nebraska, south to Arkansas and Florida in the U.S.
(Bowden, 1964). One accession has been examined and proved to be tetraploid (2n = 4x
= 28). This was verified by Church (1958).
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Figure 3

Eastern riverbank wildrye (Elymus riparius Wiegland) specimen collected
by Derick Poindexter in Alleghany County, NC (Poindexter, D.B. 2010).
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E. hystrix
Eastern bottlebrush grass or glumeless wildrye (Elymus hystrix L.) is tufted without
rhizomes, culms reaching 45-150 cm high (Figure 4). Culms are slender to slightly
coarse below the spikes, and slender to somewhat coarse toward the bases. Leaves are
thin, usually pilose on the nerves of the adaxial surfaces. Spikes are 8-17 cm long, are
stiffly erect, and interrupted when mature. The rachis is flattened, tough, continuous,
with the internodes well exposed between the spikelets. Glumes are often completely
absent from the whole spike or from some nodes of a spike. Sometimes the glumes are
reduced to short or minute setae, sometimes well developed, or very rarely an occasional
glume with a wider glume body. Lemmas are convex, rigid, and nerved toward the
apices. The lemma apices have long awns with mature grain adherent to the lemma and
the palea (Bowden, 1964).
Habitat characteristics include sandy, loamy, clayey, or rocky soils in the borders of
woods or open woods. Geographical range places eastern bottlebrush grass from Quebec
to Ontario and rarely in Manitoba in Canada. In the U.S., it ranges from Maine to North
Dakota, and south to Oklahoma and Georgia (Bowden, 1964). E. hystrix is absent from
the southern portion of the coastal plain (Barkworth et al., 2007). One collection of E.
hystrix was examined by Bowden and it was a tetraploid (2n=4x=28). This was verified
by Tateoka (1955).
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Figure 4

Bottlebrush grass (Elymus hystrix L.) specimen collected by Derick
Poindexter in Alleghany County, NC (Poindexter, D.B. 2008).
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E. villosus
Downy wildrye (Elymus villosus Muhl. ex Willd.) is one of the shorter species of
Elymus, reaching 37-100 cm high (Figure 5.). Leaf blades are thin and flat. Spikes are
dense with crowded spikelets. Glumes have a distinct midnerve with a second, less
prominent nerve. Glumes also possess long awns, 6-12 mm (Bowden, 1964). Range
occurs in Ontario and rarely in southern Quebec, Canada, reaching westward from
Vermont to Wyoming and southward from Texas to South Carolina (Bowden, 1964).
Barkworth et al. (2007) states that E. villosus grows in moist to moderately dry, often
rocky soils in woods and thickets, especially in calcareous or other base-rich soils, but
also on drier, sandy soils or damper, alluvial soils in glaciated regions.

E. glabriflorus
Southeastern wildrye occurs on moist, damp, or dry soil in open woods, thickets,
and tall grasslands (Figure 6.). This species is found in most of the southeastern U.S.,
extending north to Iowa, Illinois, Indiana, West Virginia, and Maine. Anthesis takes
place usually mid-June to late July, which is 2-4 weeks later than E. virginicus and other
similar taxa. It is most closely related to E. macgregorii and E. virginicus, and forms
hybrids with both, along with E. hystrix and E. canadensis (Barkworth et al., 2007).
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Figure 5

Downy wildrye (Elymus villosus Muhl. ex Willd.) specimen collected by
Derick Poindexter in Alleghany County, NC (Poindexter, D.B. 2008).
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Figure 6

Southeastern Wildrye [Elymus glabriflorus (Vasey) Scribn. & C.R. Ball]
specimen collected by Derick Poindexter in Alleghany County, NC
(Poindexter, D.B. 2008).
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Breeding Efforts
Relatively little breeding has been done with the wildrye species, although
intraspecific variation is evident in nature. Most programs consist of plantings made with
seed increased from naturalized (non-native) genotypes (Asay and Jensen, 1996). The
two main species of focus, Canada and Virginia wildrye, provide the most information
concerning breeding and genetic variation. Both species have the same number of
chromosomes and form fertile progeny when hybridized (Church, 1958). Native stands
that resemble hybrid progeny have been classified as E. virginicus var. submuticus Hook.
or have been named with E. virginicus varietal designations (Hitchcock, 1971). These
interspecific populations have been found throughout the range of where the two species
are found growing in association (Church, 1958). Canada wildrye, in particular, has been
hybridized with several Triticeae grasses to study genomic relationships (Dewey, 1984).
Aung and Walton (1990) hybridized Canada wildrye with slender wheatgrass to combine
cold tolerance and extended longevity of the wildrye with the higher forage yield and
quality of wheatgrass. Dewey (1965) produced synthetic hybrids from E. canadensis and
E. glaucus, suggesting the species are closely related, and that hybrid seed set would
approach 100% if emasculations and pollinations were made with sufficient care. The
ease of crossing would lead one to expect interspecific hybrids in the field, but none have
been reported. Dewey (1966) also tried to cross E. canadensis with E. cinerus, an
octoploid (2n=8x=72). Offspring were completely sterile. Dewey concluded that the
cross contained no chromosomes in common.
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Sanders and Hamrick (1979) described the variation in out-crossing rates among
15 populations of E. canadensis. Significant variation exists in out-crossing rates
between alleles at a locus, between loci within populations, and between populations.
Vogel et al. (2006) collected Canada and Virginia wildrye from remnant
midwestern prairies in the autumn of 1989 to determine genetic variability among
accessions for agronomic traits, observe genotype x environment interactions, and
evaluate the relationship between geographical location of the collection site and the
evaluation sites for plant adaptation. There was significant variation among accessions
when observed over years and sites for: forage biomass yield, heading date, height, preheading IVDMD, and protein concentration. The values of the accessions were similar at
each location over two years of data which was indicated by the lack of accession by
location interaction. Some of the collected accessions contained mixtures of plants that
contained Canada and Virginia phenotypes. These accessions were within the range of
means for forage biomass yield, digestibility, and crude protein of the Canada wildrye
when compared to all accessions. The Virginia wildrye accessions were typically shorter
than Canada wildrye accessions, and possessed shorter awns which enabled easier seed
harvesting and processing. Vogel concluded that the use of improved accessions of
Canada wildrye in grassland production systems in the Midwest will need to be
determined in sward trial comparisons with other cool-season grasses including smooth
bromegrass. The use of Canada wildrye in conservation plantings should be continued,
along with incorporating Virginia wildrye thereby increasing botanical diversity (Vogel et
al., 2006).
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Hopkins and Rowland (2008) identified awnless tetraploid Elymus accessions
capable of flowering rapidly and consistently. These accessions could be used in crosses
to elite Canada wildrye populations to develop awnless cultivars. These collections
included 56 awnless accessions, representing nine species or subspecies, in which they
consistently flowered within 90 d of planting. The accessions are candidate donors for
introgressing the awnless trait into Canada wildrye (Hopkins and Rowland, 2008).

Use of Wildrye for Restoration
The use of grasses for revegetation, soil stabilization, and erosion control has long
been recognized (Knapp and Rice, 1996). Grasses are commonly planted on lands after
wildfire, road construction, mine tailings, and other areas where human and natural
processes have reduced or eliminated the existing plant cover. In most of these cases,
grass species used for revegetation are not native to the site. The use of these grasses for
short-term management objectives has made them highly practical, but their invasiveness
and long-term effect on biological and genetic diversity of ecosystems is an increasing
concern (D’Antonio and Vitousek, 1992). The use of native grasses for revegetation and
ecosystem restoration is a relatively new practice and has increased due to the influx of
recent availability of plant material as well as the recognition of the role of native species
in the restoration of biological diversity and the conservation of endangered species and
habitats (Knapp and Rice, 1996).
Cool-season grasses act as an artificial climax vegetation and serve an extremely
important role in watershed protection (Moser and Hoveland, 1996). Previously forested
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areas were farmed for short periods with a large loss of soil and later were seeded with
non-native cool-season grasses or allowed to revegetate to naturalized cool-season
grasses, which could then be used for livestock production. Watershed protection
utilizing cool-season grasses on mountain and hill land maintains water quality of streams
and other bodies of water (Moser and Hoveland, 1996). These cool-season grasses also
make effective filter strips around riparian areas to collect soil, pesticide, and fertilizer
residue before entering a body of water, which in turn protects stream banks and fish
habitat. Interfacing grain crops with cool-season grasses favors wildlife (Moser and
Hoveland, 1996).
Cool-season grasses have played important roles in reclaiming stripmined land,
roadsides, and industrial development sites. Certain species of cool-season grasses have
been specifically bred to tolerate a wide range of soil conditions. These grasses are
relatively easy to establish, seed is usually inexpensive, and soil protection is achieved
faster than other types of vegetation. Reclamation of drastically disturbed lands (in more
cooler climates) has been best accomplished using perennial cool-season grasses such as
wheatgrasses and bromegrass (Moser and Hoveland, 1996).
Cool-season native grasses are common components of riparian systems in the
southeastern United States (Krohn, 1999). These grasses can provide groundcover on
stream banks and floodplains limiting surface scour by increasing the friction coefficient
and decreasing the erosion potential of floodwaters. Krohn (1999) observed Virginia
wildrye, rivercane [Arundinaria gigantea (Walter) Muhl], and river-oat [Chasmanthium
latifolium (Michx) H.O. Yates] at sites in South Carolina, Tennessee, and Kentucky.
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Virginia wildrye appeared to be the most tolerant of disturbance and could be subjected to
a wide range of solar exposure from full sun to full shade. Vegetative stabilization
requires grasses to provide the critical, initial stability of the site. As the canopy matures
the grasses may thin out, but must persist. Krohn (1999) seeded Virginia wildrye at a rate
of 22 kg/ha (20 lbs/A) in February. July inspection showed wildrye had germinated and
exhibited vigorous growth and performed well in heavy shade. A second site, a floodway
on the Kentucky state line, was seeded with a mixture of native cool- and warm-season
grasses including switchgrass and Virginia wildrye. The mixture had been recommended
for use on stream stabilization sites throughout Tennessee because it could be seeded at
any time during the year. Krohn (1999) experienced challenges when establishing the
site. Landowner’s resources, time, access to materials and recommendations from other
sources slowed progress. Many landowners participating in the project had never heard
of Virginia wildrye. This created confusion on establishment techniques. Krohn (1999)
expressed a need for cool-season native grasses in restoration and stabilization projects.
His criterion: the species must take flooding very well, and be adapted to sun and shade.
Management of riparian areas can be complicated by the need to consider fish and
wildlife habitats, water quality, and recreational and aesthetic needs. Control of livestock
grazing, thinning of mature trees, and sapling plantings may be necessary to repair,
maintain and protect riparian habitats (Boldt et al., 1979; Kauffman et al., 1983; Behnke
and Raleigh, 1979).
The persistence of exotic perennial grasses in spite of eradication efforts is one of
the major obstacles to prairie restoration (Jordan 1988). These grasses are often planted
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due to their rapid establishment and high yields (Lawrence and Ratzlaff, 1989).
Abandoned fields planted with these introduced species have significantly lower
diversity, soil carbon and nitrogen than fields of similar age revegetated with native
grasses (Christian and Wilson, 1999).
More than 97 percent of tallgrass prairie in the U.S. has been destroyed, with most
acreage having been plowed down for cropland or converted to exotic cool-season
dominated pastures (Sampson and Knopf, 1996). In the Lower Midwest and Upper
South, many cool-season pastures were created by seeding tall fescue. Tall fescue has
been planted on more than 35 million acres and 95% of the fields are infected with a
fungal endophyte. Furthermore, this exotic grass does not provide habitat for native birds
and has been shown to affect nutritional ecology of birds (Conover and Messmer, 1996).
Recovering these fields with native grasses and forbs is an integral component to
restoration (Packard and Mutel, 1997).
Thompson and Poindexter (2006) conducted a floristic survey of the Elk and Bison
Prairie (EBP), Land Between the Lakes National Recreation Area during the growing
seasons of 2003 and 2004. The EBP was designated in 1996 by the Tennessee Valley
Authority (TVA) to maintain and increase native tall warm season prairie grasses for the
introduction of wild elk (Cervus elaphus) and wild bison (Bison bison). Elymus species
were found commonly growing within the 265.5 ha high-fenced enclosure. Elymus
hystrix L., E. virginicus L. var. virginicus and E. villosus Muhl. were found intermittently
in oak-hickory creek-bank flood plains. E. glabriflorus was identified in the warmseason grassland habitat.
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Endophyte
Information regarding endophyte-wildrye relationships with grazing performance is
lacking. Problems associated with endophyte-infected grasses are some of the oldest
known examples of extrinsic anti-quality characteristics of forages in human history
(Bacon, 1995).
Endophytic fungi are asymptomatic, systemic fungi that occur intercellularly
within the leaves, stems, and reproductive organs of grasses that can have dramatic
effects on the physiology, ecology, and reproductive biology of host plants. The
production of toxic alkaloids allow endophytic fungi to defend their host plants against a
wide range of insect and mammalian herbivores, including domestic livestock consuming
infected pasture grasses (Clay, 1990).
Endophytes grow as elongate, convoluted, sparsely branched hyphae in the
intercellular spaces along the axis of leaves and stems, occurring most densely in the leaf
bases surrounding the meristems of grasses. Flowering accumulates endophyte into
ovules where it becomes incorporated into seed (Neill, 1941).
Endophytes are known to infect 80 grass genera and several hundred species (Clay,
1989). Infected grasses by seed-borne endophytes are similar to uninfected plants,
however, infected plants can produce more inflorescence and seed than uninfected plants
(Clay, 1987).
A lesser understood aspect of the grass/fungal endophyte relationship is the
physiological ecology of infected versus uninfected plants (Clay, 1990). Tall fescue
infection causes changes in the host plant that stimulates growth under controlled
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environmental conditions (Clay, 1987). At least one-hundred tall fescue varieties have
been released, including Kentucky-31, which contains the systematic fungal endophyte
Neotyphodium coenophialum (Murphy and Watkins, 2002). Plant species richness has
been shown to decrease in successional fields harboring endophyte-infected (E+) tall
fescue but increased when the tall fescue was not infected (E-) (Clay and Holah, 1999).
Tall fescue is also reported to be allelopathic to numerous plants via the production of
organic acids, pyrrolizidine alkaloids, and phenolic compounds (Luu et al., 1989).
Canada wildrye is known to possess an endophyte that occasionally forms stromata
on the plant, and frequently hyphae are present in the seed (White, 1988). White (1987)
also states that from a study of herbarium specimens, about 60% of the Canada wildrye
individuals in North America are infected with fungi.
Vinton and Horning (2001) report efforts to document the occurrence of
endophytic fungi in natural populations of Canada wildrye in the Midwest and southern
Great Plains, provide evidence to confirm infection, and explore means to rid the plants
of the fungi. Seed and tillers were collected from 36 sites, propagated, and screened for
endophyte. Direct microscopy techniques detected the fungi, Neotyphodium, was found
in seed from all but four sites.
The fungus is more widespread than previous research had suggested, but whether
the fungus affects plant growth or palatability of wildrye is unknown. Research suggests
the widespread infection may be mutualistic, such as conferring enhanced drought
resistance or herbivore resistance to plants (Vinton and Horning, 2001).
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Rudgers and Swafford (2007) analyzed the symbiosis between grasses, specifically
Virginia wildrye, and systemic fungal endophytes to examine costs and benefits of
symbiosis in light of changing climatic conditions. Virginia wildrye was found to be
naturally infected with the endophyte Epichloe elymi. Seed was collected from 43 native
populations and two commercial seed distributers in which analysis was conducted on the
elimination of the endophyte by several methods. Experimental elimination of the
endophyte reduced plant performance. Uninfected plants had 34% lower shoot biomass
and 28% lower root biomass than naturally E+ plants. Tiller number declined 37% in Eplants. Experimentally reduced drought significantly reduced root biomass by 40% in Eplants. In contrast, drought had no significant main effect on above ground biomass,
including tiller number. Results also showed that there was no effect of the endophyte in
ameliorating drought stress. There was no significant interaction between endophyte and
drought for root:shoot ratio. E. virginicus exhibited considerable variation in natural
frequencies of the endophyte, ranging from 0-100%. Large differences were also
observed between germplasm and wild material. Wild populations were infected 35% of
the time, while germplasm was 0.3% infected, with just one out of the 29 accessions
showing infection. The effects of removing the endophyte in E. virginicus resulted in
robust growth across all seed sources. Conclusions of this study suggest the function of
endosymbionts in ecological communities deserve greater attention due to 50% declines
in overall performance of Virginia wildrye. Benefits of the endophyte depend on drought,
which is inherited by seed, and climate change will have the potential to influence
selection on the Epichloe-Elymus symbiosis (Rudgers and Swafford, 2007).
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Overview of Establishment
Native grass establishment has been one of the most limiting factors for reclaiming
native grasslands. Stand failures are due to: planting too deep, inadequate weed control,
planting too late, not calibrating equipment, and lack of patience (Harper et al., 2007).
Most information regarding the establishment of wildrye is found in Extention
publications or germplasm releases.
The USDA NRCS East Texas PMC (2009) describes the establishment of Virginia
wildrye. Seed requires no stratification or treatment, and typically produces greater than
85% germination. A clean, firm, weed free seedbed is desired by means of discing,
harrowing, and firming with a cultipacker or roller. If possible, allow initial flush of
weeds and control with a broad spectrum herbicide. Seed should be planted in or early
fall approximately 1 - 2 cm deep in heavy soils, and up to 2.5 cm in sandy soils. Seeding
rate is recommended at 11-16 kg pure live seed (PLS) pounds per hectare or broadcast at
20 PLS when a monoculture is desired. Like native warm-season grasses, no fertilization
should take place during first year of establishment. Warm-season annual grasses can be
controlled using cultivation or mowing. Broadleaf weeds are controlled with 2,4-D
amine (USDA-NRCS East Texas PMC, 2009).
Canada wildrye can easily be established by planting debearded seed using a native
grass drill (USDA-NRCS Elsberry PMC, 2000). Elsberry suggests planting stratified
seed in late spring. Recommendations are consistent in planting depth and rate, with the
number of seed per pound averaging 115,000.
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Germination Requirements
Strong seed dormancy resulting in delayed germination has been observed as (a
general) characteristic of many perennial native grasses (Robocker et al., 1953). This
characteristic is believed to have developed providing progeny of the species persistence
in the seed bank. Other possible explanations include: the reduction of competition with
the mother plant or siblings, maintenance of survival during unfavorable environments,
timing of germination to maximize fitness, and to insure that the heritable life cycle traits
could be maximized in a particular environment (Baskin and Baskin, 2001). Research
conducted by Hardegree and van Vector (1998) observed temperature effects in
germination of the native cool-season grasses: thickspike wheatgrass, bluebunch
wheatgrass [Pseudoroegneria spicata (Pursh) A. Love], Sandberg bluegrass [Poa
sandbergii (J. Presl)], and bottlebrush squirreltail [E. elymoides (Raf.) Swezey]. Their
research demonstrated that thermal-history of the developing seed could be used to
predict germination timing for these range grasses. Young and Evans (1981) studied
germination requirements of Great Basin wildrye (Elymus cinereus Scribn. & Merr.)
collected from native stands and concluded that soil conditions, specifically
saline/alkaline soils, greatly affect germinability of the native seed. Germination in
relation to temperature was evaluated on accessions of Basin wildrye, including the
improved cultivar, Magnar (Evans and Young, 1983). High germination percentage
resulted from “colder-than-moderate” temperatures, which mimics environmental
conditions where soil moisture is highest. Similarly, in tall fescue, seed dormancy has
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been found to be a function of temperature during seed maturation, with lower
temperatures during this period leading to greater dormancy (Boyce et al., 1976).
Another environmental aspect to be addressed during germination is hydrogen ion
concentration (pH). Soil pH was found to determine species distribution by affecting
germination (Justice and Reece, 1954). Seed of many species germinate to high
percentages over a wide range of pHs, but those of others germinate to high percentages
only at specific pHs (Baskin and Baskin, 2001). Slightly acidic conditions were found to
be most favorable to germination of several forage crops (Promsy, 1911). Varieties of
ecotypes within a species have been shown to respond differently to varying pH
(Stubbendieck, 1974). Due to the extensive range of wildrye, a variety of soil types and
conditions are found in its native habitats. Previous research on Great Basin wildrye
addressed osmotic stress in native plants growing in upland and saline/alkaline
environments and the effects of this stress on germination (Young and Evans, 1981).
Acid scarification of seed as a pretreatment has been used to enhance germination of
some species (Blankenship and Smith, 1967), however prolonged acidity on forage
species has often been overlooked (Ryan et al., 1975).
Planting depth, a function of light and moisture, has been addressed in several
forage species. Depth affects emergence and adventitious root development (Newman
and Moser, 1988). Deep planting has both increased and decreased seedling emergence
percentage. Newman and Moser conducted studies on four perennial forage grasses:
smooth bromegrass (Bromus inermis Leyss.), big bluestem, indiangrass, and switchgrass.
Seed was sown in the field at predetermined depths of 1.5, 3.0, 4.5, and 6.0 cm. Seedling
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emergence and morphology parameters were recorded, along with the number of
adventitious roots. Morphological characteristics included coleoptile length,
subcoleoptile internode length, and seedling crown depth (distance between the soil
surface and coleoptile node). Results indicated that as depth increased, emergence
decreased except for switchgrass (which had similar percentages at 1.5 and 3.0 cm
depths). Coleoptile length and seedling crown depth were positively correlated with
actual planting depth in smooth bromegrass, while subcoleoptile internode length was
positively correlated with planting depth in big bluestem, indiangrass, and switchgrass.
Big bluestem, indiangrass, and switchgrass do not have the potential to produce
adventitious roots as depth increases, since there was no correlation of seedling crown
depth with actual planting depth. However, rapid root development was observed for big
bluestem, indiangrass, and switchgrass following consecutive days of rain four weeks
after planting.
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CHAPTER III
MATERIALS AND METHODS

Germination Requirements
Information about the germination ecology of a species can be obtained by
conducting germination phenology studies. These can be carried out in incubators or
growth chambers by subjecting seed to a sequence of temperature regimes that simulate
those in nature. Depending on the species, germination responses generally vary with
latitude, elevation, soil moisture, soil nutrients, temperature, kind and density of plant
cover, and degree of disturbance where seeds were collected. Physical structures
including the palea and lemma may also alter germination (non-deep physiological
dormancy) (Baskin and Baskin, 2001). A series of experiments were conducted by the
author on southeast wildrye to determine the optimum temperature, light, pH, and
removal of seed structures that cover the embyro, and how these factors impact
germination.

Temperature
During the fall of 2010, collections of southeastern wildrye were made from five
locations, ranging from southern Mississippi north to Upton, KY. Because inflorescence
are produced in Jun and mature in Jul, collected seed had already undergone a warm
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stratification period (summer 2010) which may be a prerequisite for seed that matures in
the spring and germinates in autumn (Baskin and Baskin, 2001). The locations of the
collection sites from north to south are as follows: Upton, KY (37.46o N); Bolivar, TN
(35.26oN); Athens, AL (34.80o N); Starkville, MS (33.46o N); Laurel, MS (31.69o N).
Temperatures from the collection sites vary from mean winter temperatures of 8.8 oC to 6.0 oC, and mean summer temperatures of 32.0oC to 26.7 oC for Laurel, MS and Upton,
KY, respectively.
To determine optimal germination temperature, seed from 10 to 20 plants at each
site was bulked, debearded (Westrup® LA-H laboratory brush machine; Plano, TX),
aspirated (Carter Day® laboratory seed aspirator; Minneapolis, MN) and stored in paper
sacks at ambient temperature (25oC) and relative humidity (60%). Six replications of 50
seed from each seedlot (site) were used in each of four temperature regimes. Alternating
temperatures under short days (8hrs) were used to mimic natural conditions (Baskin and
Baskin 2001). Temperatures differences were set at 5oC increments for day and night
ranges: 10/5, 15/10, 20/15, and 25/20 oC. Seed were divided and placed into Petri dishes
on one sheet of Whatman© filter paper, then hydrated with a 5 mL solution containing
Captan® 50WP (2.37 g a.i. / L H2O) and placed in the appropriate germination chamber
(Percial Scientific® GR-36VL; Perry, IA). Cool white fluorescent tubes (50-60 µmol m2 -1

s illumination) were used in all chambers for lighting.
Germination counts were conducted every two days for four weeks. Optimal

germination temperature (greatest percentage germination in 28 days) was then
determined for each seed lot. Remaining, un-germinated, seed were taken from their
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existing test treatment and placed under the conditions corresponding to optimal
germination for each particular seedlot for an additional 14 days. Germination counts
were continued every two days. Finally, viability of the remaining ungerminated seed
was tested using a tetrazolium test (Cottrell, 1947). A 1% solution of 2,3,5-triphenyl-2Htetrazolium chloride (TZ) was applied as a seed soak for a 24 hr period. The seed were
punctured with a needle at the embryo to enure imbibition of the solution. Respiring,
embryonic cells would turn red or pink (Baskin and Baskin, 2001). Viable seed was
evaluated by observing the staining. Viability is defined as the following: entire embryo
is stained, endosperm not stained, unstained outside edge of scutellar region, or greenishcolored pericarp if entire embryo stains are normal (particularly over embryonic region)
(Peters, 2000). The viable seed was counted and combined with the germinated seed to
calculate total viability.
The experiment was a completely randomized design. The effect of location of
collection, temperature and location by temperature were evaluated. Analysis of variance
was used on germination percentage with arcsin transformation for mean separation of
percentage germination. Tukey’s LSD were determined by PROC GLM.

Light
A single seedlot, from the Starkville, MS location was used to test optimal light
conditions for germination in a four week period. Six replications of 50 debearded,
aspirated seed were placed in Petri dishes, hydrated on one sheet of Whatman© filter
paper with a 5 mL solution containing Captan© (same as temperature experiment) and
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tested in the following light conditions: constant light (50-60 µmol m-2s-1 illumination),
constant darkness, short day (8 hr light), and long day (16 hr light) exposure. The
constant darkness treatment was accomplished by wrapping appropriate dishes in two
sheets of aluminum foil and placing them in the constant light chamber. Short day and
long day chambers were set on alternating temperatures of 20/15oC (based on the optimal
temperature found in the preceding experiment for the seed collected at Starkville, MS).
The constant light chamber was set at a constant 20/15oC. Germination counts were
conducted every two days for four weeks. To assess germination of the constant dark
treatment, a neutral green light was used when counting germinated seed (Baskin and
Baskin, 2001). Once the optimal light condition was defined, all Petri dishes were placed
in a constant dark chamber for an additional 14 days to determine percentage quiescence.
The remaining ungerminated seed were tested for viability using a TZ test. Seed was
counted and total viability was calculated.
The experiment was a completely randomized design. The effects of light
treatments on the single seed lot was evaluated. Analysis of variance was used on
germination percentage with arcsin transformation for mean separation of percentage
germination. Tukey’s LSD were determined by PROC GLM.

pH
Effects of pH on germination have been studied in seed of a number of species and
can impact germination to high percentages over a wide range of pH’s (Studdendieck
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1974), while others species only germinate to high percentages at specific pH’s (Baskin
and Baskin 2001).
Two experiments were conducted in order to determine optimum pH for
germination and seedling growth of wildrye. The first experiment was a completely
randomized design, testing different acid sources and solutions at pHs of 3.0, 4.0, 5.0, and
7.0 (Varco and Sartain, 1966). Acid sources used were HCl, H2SO4, and H3PO4.
Solutions were formulated in a 1.0 cmol/L Ca(CH3COO)2 - H2O solution and a total of 10
mL of treatment solution were added per Petri dish (Varco and Sartain, 1966). Each
treatment was replicated 6 times. Germination counts were conducted every two days for
three weeks. Alternating temperature regimes were used in the growth chamber (20o day;
15o darkness), combined with constant dark conditions (Rushing and Baldwin, 2012;
publication pending). The seed lot was comprised of a seed increase block located at the
Forage Research Unit on MAFES South Farm, Starkville, MS. The block is a land race
planted in the fall of 2008 from locally collected seed.
The second experiment tested the effect of pH on seedling development of wildrye.
This was a randomized complete block design with 5 experimental units per repetition for
each pH. A nutrient solution consisting of Hoagland’s No. 2 basal salt mixture
(Hoagland and Arnon, 1950) titrated with HCl and buffered with sodium hydroxide to
pHs 4.0 through 8.0 (Table 1.). Thirty milliliters of each pH altered solution was added
to a crystalline silica (quartz) sand growing medium in a plastic cone-tainer measuring 3
cm in diameter and 13 cm deep (Smith et al., 1983). Filter cloth was placed in the bottom
of each cone-tainer to prevent sand from leaking. The medium solution was flushed daily
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with the appropriate nutrient solution. Three wildrye seed from the Starkville lot were
placed in each cone-tainer until germination, where two were thinned, leaving one for
seedling development. The cone-tainers were placed in a germination chamber under
short day (8 hrs), with a light temperature of 15oC (optimal temperature for Starkville
accession) and a dark temperature of 10oC. After germination, the cone-tainers were
placed in long day conditions (12 hrs) in a greenhouse to induce reproductive growth.
Shoot height was evaluated for two weeks after the onset of growth in the emerging conetainers. Analysis of variance was run on the data from each experiment where main
effects and interactions were compared (p # 0.05).

Table 1

Hoagland’s No. 2 basal salt mixture components and amounts for nutrient
solution to evaluate southeastern wildrye (Elymus glabriflorus) seedling
development at varying pHs.
Component

Formula

mg/L

Ammonium Phosphate, Monobasic

NH4H2PO4

Boric Acid

H3BO3

Calcium Nitrate, Tetrahydrate

Ca(NO3)2 - 4H2O

Cupric Sulfate, Pentahydrate

CuSO4 - 5H2O

0.08

Ferric Tartrate

C12Fe2H12O8

5.32

Magnesium Sulfate, Anhydrous

MgSO4

Manganese Chloride, Tetrahydrate

MnCl2 - 4H2O

1.81

Molybdenum Trioxide

MoO3

0.02

Potassium Nitrate

KNO3

606.60

Zinc Nitrate, Hexadydrate

Zn(NO3)2 - 6H2O
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115.30
2.86
656.40

240.76

0.22

Covering Structures of Caryopsis
Nondeep physical dormancy can be broken by the removal or disruption of
structures that cover the embryo, such as the endosperm, seed coats, fruit coats, and
bracts, including palea and lemma of grasses, resulting in germination (Baskin and
Baskin, 2001).
This experiment consisted of four treatments applied to the Starkville, MS seed lot
used in the previous experiments: beard and glume intact, beard intact and glume
removed, beard removed and glume intact, and beard and glume removed (Figure 7). Six
replications of 100 seed were placed in Petri dishes, hydrated on one sheet of Whatman©
filter paper with a 5 mL solution containing Captan© (same as temperature and light
experiment) and tested at 20/15oC under constant lighting for 28 days. The remaining
ungerminated seed were tested for viability using a TZ test. Seed was counted and total
viability was calculated.
The experiment was a randomized complete block design. The effects of structure
removal treatments on the single seed lot was evaluated. Analysis of variance on acrsin
transformed germination percentage was run for mean separation. Tukey’s LSD were
determined by PROC GLM (p # 0.05).

Planting Depth
Optimal planting depth for southeastern wildrye was studied under greenhouse
conditions. This study was conducted in an experimental greenhouse at the R.R. Foil
Plant Science Research Center (North Farm) at Mississippi State University, MS. Five
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planting depths were assessed ranging from surface planting to a depth of 2.54 cm (1 in).
Heavy duty plastic trays measuring 51.5cm x 36.5cm x 10.16 cm were used to hold the
germinating seedlings. Each tray was filled to a depth of 7.62 cm of a 1:1 (v:v)potting
soil (Miracle-Grow® Moisture Control, The Scotts Company LLC, Marysville, OH) and
sand mixture. The soil was packed into each tray to insure a firm seed bed that would
remain at that depth throughout the experiment. Three rows of 50 seed (Starkville, MS
Elymus glabriflorus collection) each were sown to the surface of all trays. A horizontal
line was then drawn around the entire inside of the tray to mark the level to which more
potting mixture was added that corresponded to the desired treatment. All trays were
irrigated on a daily basis as required to maintain adequate moisture for germination.
Greenhouse conditions consisted of natural lighting and temperature (louvers were left
open; no artificial lighting used).
The experiment was a randomized complete block design. The effects of depth of
planting was evaluated. Seedling counts were conducted at 7, 14, and 21 days. Analysis
of variance on acrsin transformed germination percentage was run for mean separation.
Tukey’s LSD were determined by PROC GLM (p # 0.05).
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Figure 7

Treatments for the covering structures of caryopsis germination
experiment conducted on southeastern wildrye (Elymus glabriflorus).
From left to right: bearded with glume attached, bearded with glume
removed, debearded with glume attached, and debearded with no glume.

Forage Testing
Forage quality and quantity of a variety of different wildryes was measured in three
experiments conducted from 2011-2012. These consisted of variety trials comparing
other cool-season grasses, wildrye variety trials, and harvest regimes.
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Soils
The location for the cool-season forage variety trial and the wildrye variety trial
was the H.H. Leveck Animal Research Unit (South Farm) at Mississippi State University,
MS. The site historically was a mowed area surrounded by other field plots consisting of
bermudagrass, tall fescue, broadleaf signalgrass [Brachiaria eruciformis (Sm.) Griseb],
barnyardgrass [Echinochloa crus-galli (L.) P. Beauv.], and occasional annual weeds. The
soil present at this site is a fine, smectitic, thermic Fluvaqentic Hapludolls. The specific
pedon is a Catalpa silty clay loam that is occasionally flooded and cultivated. The
Catalpa series consists of deep, somewhat poorly drained to moderately well drained soils
with slow permeability. They are nearly level to gently sloping on flood plains or low
terraces of streams (Catalpa creek in this case) that drain areas of the Blackland Prairie
Major Land Resource Area. These formations of clayey alluvium have slopes ranging
from 0 to 3 percent (National Cooperative Soil Survey, 1997).
The harvest regime trial was conducted at the R.R. Foil Plant Science Research
Center (North Farm) at Mississippi State University, MS. The soil at this site is a fine,
smectitic, thermic Vertic Paleudalf of the Kipling series. This silty clay-loam is a deep,
somewhat poorly drained soil that formed in clayey sediment. Permeability is slow.
These soils are nearly level to steep and are found in uplands and terraces of the
Blackland Prairie with slopes ranging from 0 to 40 percent.
An initial soil test was taken prior to planting all trials (Table 2). Pelletized lime
(CaCO3) was applied at a rate of 1.12 Mg/ha before planting, with another 1.12 Mg/ha
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applied following the spring harvests (Oct 2011) and again (Feb 2012) before the 2012
harvests to the variety trials. Soils of the harvest regime trial site did not require liming.

Growth Curve
A land race population was established at the H.H. Leveck Animal Research Unit
(South Farm) at Mississippi State University, MS. Ten rows (6.1 m) on 100 cm spacing
were planted with southeastern wildrye seed collected from riparian areas and right-ofways from north-central to south Mississippi and west-central Alabama. Plant heights
were taken from ten random plants within this block every 15 d for two years. Seed was
harvested from the plot around July 4 of each year and then mowed down to 12 cm. A
growth curve describing above ground biomass was generated (Figure 8).

Mississippi Cool-Season Forage Variety Trial
The cool-season forage variety trial was planted on October 3, 2010 at the H.H.
Leveck Animal Research Unit (South Farm) at Mississippi State University, MS.
Eighteen entries were assigned in a randomized complete block design consisting of four
replications. Plots measured 1.5 m x 3.7 m (5.6 x 10-4 ha). Pre-plant burndown was
achieved by applying Eraser® (41% glyphosate) at 2.3 L/ha once before tillage and again
following primary and secondary tillage and weed emergence. Seed was planted 0.64 cm
deep using an Almaco® 8-row light duty grain drill with 20 cm spacing. Supplemental
sprinkler irrigation (1.3 cm) was used once after planting due to unusually dry conditions.
Nitrogen was applied at 56.1 kg/ha with 15-5-10 in fall prior to the Dec 12, 2011 harvest.
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R.R. Foil

Leveck

H.H.

1.08

2.80

56

285

P

140

233

K

2693

6005

Ca

96

253

Mg

4.93

6.27

Zn

174

451

S

Extractable Nutrient Levels (kg/ha)

38

40

Na

6.5

5.5

pH

1.90

6.40

H

0.16

0.27

K

6.01

13.39

Ca

0.36

0.94

Mg

8.43

21.00

Total

Milliquivalents (per 100 g)

22.54

30.48

H

1.90

1.29

K

71.29

63.76

Ca

4.27

4.48

Mg

% Base Saturation

Soil test results for trials conducted at the H.H. Leveck Animal Research Unit and the R.R. Foil Plant Science Research
Center at Mississippi State University, Mississippi State, MS 39762.

Field ID % OM

Table 2

Figure 8

Growth curve for southeastern wildrye (Elymus glabriflorus) for the 2011
and 2012 growing seasons. Height (cm) measurements were taken every
15-d from 10 random plants within the plot.

Species and varieties, seeding rates, and origin of seed lot used in this trial can be
found in Table 3. Unfortunately, most sources of wildrye seed were local collections
found in the northeastern U.S., therefore success in establishment varied.
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Plant heights were taken at three random locations within each plot prior to each
harvest. Heights were measured using a Filip’s® electronic folding plate pasture meter
(Eagle Dairy Direct, Syracuse, NY). The plate meter was placed on top of the sward and
pressed down through the canopy to measure plot heights.
Plots were harvested to a height of 7.62 cm (3 in) using a Sensation® mower
(Sensation Mower, Inc., Ralston, NE) with a mulch-bag that was tared prior to each
harvest. Sub-samples were taken from each plot, weighed, and dried at 50oC until no
changes in moisture could be observed. All forage samples were then ground to pass a 1mm screen in a Wiley-type mill. The 2011 harvests were conducted on Apr 10, May 9,
and Jun 8, and Dec 12. The 2012 harvests were conducted on Mar 20, Apr 11, and May
8.
Ground cover percentage and establishment of desired living crown tissue was
visually rated on each plot immediately after each harvest. Ratings were conducted on a
scale ranging from one (poor; less than 20% of desired species coverage) to five
(excellent; greater than 80% of desired species coverage) (Figure 9). Cultivars with low
initial establishment were not excluded from analysis due to possible delayed germination
due to seed dormancy which occurs frequently in native species. However, poor
establishment will be taken into consideration for analysis of forage samples.
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Mississippi Cool-Season Forage Variety Trial species, varieties, seeding rates (kg ha-1), total germination (%),
pure seed (%), and grams per plot (1.50 x 3.65 m) planted at the H.H. Leveck Animal Research Unit in October
2010 at Mississippi State University, MS.

Species
Variety
Seeding Rate (kg ha-1) Total Germ (%) Pure Seed
Grams plot-1
1
Elymus virginicus
Omaha
16.80
84.00
96.52
13.86
2
Elymus virginicus
PA Ecotype
16.80
74.50
97.25
15.50
2
Elymus riparius
PA Ecotype
16.80
90.50
99.76
12.45
2
Elymus canadensis
PA Ecotype
16.80
96.00
98.62
11.87
2
Elymus canadensis
Icy Blue
16.80
96.50
94.17
12.30
2
Elymus hystrix
PA Ecotype
16.80
10.00
98.06
114.00
2
Elymus glabriflorus
MS Ecotype
16.80
60.00
N/A
20.80
2
Elymus trachycaulus
Slender wheatgrass
16.80
96.00
94.78
12.34
2
Thinopyrum
Intermediate
16.80
96.50
98.60
11.81
2
Dactylis glomerata
Potomoc
22.42
96.00
93.92
16.62
2
Dactylis glomerata
Pennlate
22.42
91.00
94.63
17.40
3
Dactylis glomerata
Profit
22.42
93.00
92.80
17.35
4
Dactylis glomerata
Olympia
22.42
95.00
94.64
16.66
3
Dactylis glomerata
Tekapo
22.42
82.50
95.00
7.64
3
Phleum pratense
Tukka
8.96
98.00
99.82
6.12
5
Schedonorus phoenix
Kentucky-31
22.42
58.25
N/A
27.07
6
Schedonorus phoenix
Kentucky-32
22.42
55.25
N/A
28.54
4
Schedonorus phoenix
Jesup Max-Q
22.42
60.50
N/A
26.07
1
2
3
Sock Seed Company, Murdock, NB 68407; Ernst Conservation Seeds, Meadeville, PA 16335; Ampac Seed Company,
Tangent, OR 97389; 4Pennington Seed, Madison, GA 30650; 5Oktibbeha County Farmer’s Co-op, Starkville, MS 39759;
6
OreGro Seeds Incoporated, Albany, OR 97322

Table 3

Fig 1a

Fig 1b

Fig 1c

Fig 1d

Fig 1e
Figure 9

Establishment rating scale examples for the Mississippi Cool-Season
Forage Variety Trial ranging from one to five: 1 - excellent, greater than
80% of desired species composition (Fig. 1a); 2 - good, 60-80% (Fig. 1b);
3 - average, 40-60% (Fig. 1c); 4 - fair, 20-40% (Fig. 1d); 5 - poor, less
than 20% (Fig. 1e).
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Statistical analysis for this trial was conducted using ANOVA in which entries
were treatments and plots were experimental units using the general linear model of SAS
(2007). Mean separations were based on Tukey’s protected least significant difference
(LSD) and differences were considered significant at 0.05 probability level. For this trial
only, tables were prepared with denotations signifying entries that had performed
significantly better than each column’s respective test mean. This allowed for
conclusions to be made as to which entries performed the best over a given period of
time.

Wildrye Forage Trial
Due to the variation in establishment success of some of the species of wildrye and
the inability to control annual grassy weeds, a separate experiment was designed in order
to provide more accurate analysis in terms of forage quality. Seven wildrye cultivars and
one tall fescue were assessed (Table 4). Seed for each entry was spread on germination
paper, saturated with Captan®, and placed in germination chambers under 20/15oC and
constant lighting. The first 120 seed to germinate were selected and planted into a potting
soil (Miracle-Grow® Moisture Control, Scotts LLC, Maryville, OH) and sand mixture
(1:1 v:v) in “six-packs” and grown to the two-leaf stage. These seedlings were then
transplanted into 10 cm pots and placed in a greenhouse under natural lighting and
temperature conditions (Feb 20-Mar 21) and watered daily. The seedlings were planted
in the field (H.H. Leveck Animal Research Center, Starkville, MS) adjacent to the 2010
cool-season forage variety trial on Mar 21, 2011 in a randomized complete block design
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with four replications. Plots were three meters long with three rows per plot and ten
seedlings per row. Data taken from each plot was used for forage quality analysis only.
Plants were harvested once in 2011 (Jun 13) and three times in 2012 (Mar 20, Apr
11, and May 8). All plants in each plot were harvested to a height of 7.5 cm (3 in).
Forage was bulked together to obtain a total wet weight for the plot. The fresh biomass
was dried 50oC until no further reduction in weight was observed and ground to pass a 1mm screen in a Wiley mill (Thomas Scientific, Swedesboro, NJ) for forage analysis.
Statistical analysis for this trial was conducted using ANOVA in which entries
were treatments and plots were experimental units using the general linear model of SAS
(2007). Mean separations were based on Tukey’s protected least significant difference
(LSD) and differences were considered significant at 0.05 probability level.

Table 4

Wildrye Forage Trial species, varieties, and origins of seedlots for entries
planted at the H.H. Leveck Animal Research Unit in 2011 at Mississippi
State University, MS.
Species

Variety

Origin of Seedlot

Elymus virginicus

‘Omaha’

Ernst Conservation Seed, Meadeville, PA

Elymus canadensis

PA Ecotype

Ernst Conservation Seed, Meadeville, PA

Elymus riparius

PA Ecotype

Ernst Conservation Seed, Meadeville, PA

Elymus hystrix

PA Ecotype

Ernst Conservation Seed, Meadeville, PA

Elymus virginicus

PA Ecotype

Ernst Conservation Seed, Meadeville, PA

Elymus canadensis

‘Icy Blue’

Ernst Conservation Seed, Meadeville, PA

Elymus glabriflorus

MS Ecotype

Local collection, Starkville, MS

Schendonorus phoenix ‘Kentucky-31' N/A (unlabled bag kept in cold storage)
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Harvest Regime Trial
A harvest regime trial was conducted on Southeast wildrye to determine stand
longevity, yield, and forage quality over time. A completely randomized plot with four
experimental units was established on the R.R. Foil Plant Science Research Center (North
Farm) at Mississippi State University, MS. The trial consisted of five treatments with
four experimental units within each treatment. Each unit was a 3.04 m row planted with
100 southeastern wildrye seed collected from a land race established in Starkville, MS
(land race is comprised of 54 genotypes collected across Southeast from AR to GA). The
trial was planted on Sep 2, 2010 and sprinkler irrigated seeding. Plot maintenance
included hand weed control and supplemental irrigation when necessary.
The five harvest treatments were 20, 30, 40, 60, and 80 days intervals with all plots
harvested initially on Apr 4, 2011 and Mar 20, 2012 when biomass reached 30 cm (Table
5). Rows were clipped removing all biomass above 10 cm. Plant heights (two per row)
and crown counts were taken for every row and treatment at each harvest. Biomass subsamples for each replication were dried at 50oC until no further reduction in weight was
observed to determine percent dry matter and forage quality. Fertilizer was applied at a
rate of 56.1 kg/ha of N using 15-5-10 based on soil test recommendations in the fall
following the 2011 harvests.
Statistical analysis for this trial was conducted using ANOVA in which harvest
regimes were treatments and plots were experimental units using the general linear model
of SAS (2007). Mean separations were based on Tukey’s protected least significant
difference (LSD) and differences were considered significant at 0.05 probability level.
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60
30 (4)
20 (5)
control

2012

2012

2012

20

20

20

20

20

20§

2

2†

3

3

1

4

4

4

4

4

4

1

9

9

2

2

3

3

19

Apr

29

29

29

4

24

24

4

1

4

1

2

14

14

14

2

May

‡

One of four weeks in the indicated month.
Days between successive harvest events with total harvest per year in brackets.
§
Actual harvest date for the indicated treatment (TRT) in the corresponding year.

†

40 (3)

2012

control

2011

60 (2)

20 (5)

2011

2012

30 (4)

2011

80 (2)

40 (3)

2011

2012

60 (2)

2011

Treatment

80 (2‡)

2011

Year

Treatment

Mar

19

19

19

19

3

3

4

4

1

3

3

3

3

1

8

8

8

8

2

2

Jun

19

19

3

3

4

23

23

23

23

4

Plot harvest dates by treatment and year for the Harvest Regime Trial conducted on southeastern wildrye
(Elymus glabriflorus) during 2011 and 2012 growing seasons.

Year

Table 5

1

3

3

1

Jul

Forage Quality Analysis
All forage quality testing was contracted out to Louisiana State University Forage
Testing Laboratory, Southeast Research Station, Franklinton, LA (2011 samples) and
Mississippi State University, H.H. Leveck Animal Research Center, Starkville, MS (2012
samples).
Forage quality was assessed on the cool-season forage trial, the wildrye forage
trial, and the harvest regime trial. Wet chemistry was used to establish base equations for
near infrared spectroscopy. Components tested included mineral analysis (Ca, P, Mg, K,
Cu, Zn, and Mn), dry matter (DM), crude protein (CP), acid detergent fiber (ADF), and
neutral detergent fiber (NDF). Total digestible nutrients (TDN) was calculated using the
Western Hay Equation (Robinson et al. 1998). This is achieved by taking the sum of the
digestible CP, digestible fat (multiplied by 2.25), digestible non-structural carbohydrates,
and digestible NDF. This value is commonly expressed on a 90% DM basis (multiply
TDN 100 x 0.9).
Mineral analysis for Ca, Mg, K, Cu, Zn, and Mn were determined by flame atomic
absorption spectrophotometry (Perkin-Elmer Analyst 300, Norwalk, CT) after dry-ashing
at 500oC overnight in porcelain crucibles. Ashed samples were dissolved over heat in 5
ml 20% HCl, transferred to 100 ml volumetric flasks, and diluted to 100 ml with
deionized water.
Dry matter determination of the samples was accomplished using a forced-air
drying oven at 135o ± 2oC for at least 2 hr with freely circulating air (Official Methods of
Analysis, 1990). Aluminum dishes with covers were dried that the aforementioned
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temperature and time; then, aluminum containers with samples were covered and placed
in desiccator and allowed to cool to room temperature. Tare weights were obtained for
containers with covers (W4) to the nearest 0.1 mg. Approximately 2 g of sample were
added to each container. Total weight was recorded (W5) to the nearest 0.1 mg. Dishes
were shaken to gently distribute sample and expose maximum area for drying. The
dishes with sample (uncovered) were placed into preheated oven at 135oC and allowed to
dry for 2 hr. Samples were then placed on desiccator, covered, sealed, and allowed to
cool to room temperature. The dish was weighed with covers (W6) and recorded to the
nearest 0.1 mg. Percent total dry matter (Total DM) was calculated using the following
equation:

Calculation:

% Total DM = (W6 - W4 / W5 - W4) x 100

Where: W4 = tare weight of dish in grams
W5 = initial weight of sample and dish in grams
W6 = dry weight of sample and dish in grams

(1)

Samples were analyzed for Kjeldahl N and P in an automated colorimetric assay
adapted for flow-injection analyzer (QuickChem 8000 FIA, Lachat Instruments,
Milwaukee, WI). Procedures follow protein (crude) determination in animal feed
(Official Methods of Analysis, 1990). Approximately 1 g of ground sample was placed
into a digestion flask and weighed to nearest 1.0 mg (W). A solution comprised of a
copper catalyst of 15 g K2SO4 and 0.04 g anhydrous CuSO4, 3 g of pumice, and 20 mL of
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concentrated sulfuric acid was added to the flask. The flask was boiled and swirled for 90
min. Distilled water (250 mL) was then added and cooled to room temperature (<25oC).
For distillation and titration, boric acid solution (25 mL) was combined with 2-3 drops of
tributyl citrate to reduce foaming. A 45% sodium hydroxide solution (approximately 80
mL) was added and swirled. The titrating flask was removed and titrated with 0.2 N HCl
to neutral gray endpoint and volume was recorded to the nearest 0.1 mL (VA). The titrate
reagent blank (VB) was also weighed. Percentage nitrogen was calculated using the
following equation:

Calculation:

% N (DM basis) = (VA-VB) x NHCl x 1.4007 / W x lab DM/100

Where: VA = volume (mL) of standard HCl required for sample
VB = volume (mL) of standard HCl required for blank
NHCl = normality of standard HCl
1.4007 = milliequivalent weight of N x 100
W = sample weight in grams

(2)

Percentage crude protein was calculated using the following equation:

Calculation:

CP (DM basis) = % N (DM basis) x F

Where:F = 6.25 for all forages and feeds except wheat grains
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(3)

Acid detergent fiber and neutral detergent fiber were measured using the ANKOM
filter bag technique (Vogel et al., 1999). Twenty grams of sodium sulfite and 4 mL of %amylase were added before starting the NDF procedure. Four milliliters of %-amylase
was added to the first and second rinse steps. Procedures outlined by Goering and Van
Soest (1970) were used, except decaline was not used in ADF and NDF analysis and
sodium sulfite was not used in the NDF analysis according to Van Soest and Robertson
(1980). Coarse fritted disk Gooch crucibles were used for titration. The same detergent
solutions were used in both the conventional and filter bag analysis procedures. Filter
bags were suspended in the reaction vessel in a stainless steel suspension basket. The
samples were processed in the reaction vessel for 70 min for the ADF procedure and 80
min for the NDF procedure. The solution was then drained and the vessel was filled with
2 L of 94oC deionized water and the samples were agitated for 5 min. The hot water rinse
was repeated 4 times. The filter bags were then removed and placed in a small beaker
and covered with acetone to soak for 5 min. The bags were then squeezed and air dried at
100oC. The NDF and ADF concentrations were calculated using the following equation:

Calculation:

NDF or ADF (g / kg) = (post-digestion dry wt / pre-digestion dry
wt) x 1000

(4)
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CHAPTER IV
RESULTS AND DISCUSSION

Germination Requirements
Seedlot Characterization
Seed for the five accessions was collected along riparian or right-of-way sites from
southern Mississippi to south-central Kentucky. Five to ten plants were hand-harvested at
each site post summer dormancy, before fall green-up. The seed was bulked for each site
and stored at room temperature (25o C) until experimentation began.
Germination of the five seedlots was highly variable in their response to
temperature treatments. ANOVA analysis indicated a location x temperature interaction,
so each seedlot was assessed independently. Seedlot characteristics varied by location.
Percentage of total viability, dormancy, germination, quiescent, and non-viable seed was
analyzed, and significant differences were found due to location and temperature (Table
6). Initial germination results showed the Bolivar, TN seedlot having the highest initial
mean germination (81.7% at 15/10oC). This was ensued by Athens, AL (64.0% at
20/15oC), Upton, KY (60.7% at 20/15oC), Starkville, MS (43.0% at 20/15oC) and Laurel,
MS (27.3% at 20/15oC). Quiescent assessment indicated the Bolivar, TN and Athens, AL
lots were the locations with the greatest mean percentage quiescent seed (75.7% at
25/20oC and 37.7% at 10/5oC, respectively). Seed dormancy data was assessed through
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TZ testing, and indicated the two most southern seedlots, Starkville and Laurel, MS had
the greatest mean percentage of dormant seed (24.7% at 25/20oC and 31.7% at 10/5oC,
respectively). The Athens, AL seedlot had the greatest mean number of non-viable seed
(74.0% at 25/20oC). Finally, total seed viability was calculated by summing germinated,
quiescent, and viable, but ungerminated seed. Bolivar, TN had the greatest total seed
viability (88.0% at 15/10oC). All lots demonstrated quiescence ranging from 0.01 to
74.0% under these test conditions. More importantly to the seed industry, all seedlots
(debearded and aspirated) demonstrated substantial levels of non-viable seed ranging
from 34.3% (Bolivar, TN) to over half the entire seedlot (74.0%; Athens, AL).
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Table 6

Southeastern wildrye (Elymus glabriflorus) mean percentage germination
across individual temperature treatments; means based on counts per dish
containing 50 seed. Seed were germinated in constant lighting at four
temperature treatments (14 days) and moved to optimal temperature per
location (14 days; 50-60 µmol m-2s-1 illumination).

Percentage
10/5 C
15/10 C
20/15oC
25/20oC
Characteristic
Laurel, MS (31.60oN)
0.0 c†
10.3 b
27.3 a
0.0 c
Initial Germ
9.0 c
35.3 a
21.0 b
36.3 a
Quiescent
31.7 a
14.7 bc
10.3 c
18.7 b
Dormant
40.7 b
60.3 a
58.7 a
55.0 a
Total Viable
59.3 a
39.7 b
41.3 b
45.0 b
Non-viable
o
Starkville, MS (33.46 N)
16.3 b
36.0 a
43.0 a
1.3 c
Initial Germ
20.7 a
11.0 bc
7.0 c
16.0 ab
Quiescent
16.7 b
20.3 ab
16.0 b
24.7 a
Dormant
53.7 bc
67.3 a
66.0 ab
42.0 c
Total Viable
46.3 ab
32.7 c
34.0 bc
58.0 a
Non-viable
o
Athens, AL (34.80 N)
18.7 b
55.7 a
64.0 a
0.0 c
Initial Germ
37.7 a
14.0 b
0.03 c
20.3 b
Quiescent
10.3 a
5.3 b
6.0 b
5.6 b
Dormant
66.7 a
75.0 a
70.3 a
26.0 b
Total Viable
33.3 b
25.0 b
29.7 b
74.0 a
Non-viable
o
Bolivar, TN (35.26 N)
27.0
b
81.7
a
75.3 a
0.6 c
Initial Germ
30.7 b
4.0 c
2.6 c
75.7 a
Quiescent
8.0 a
2.3 b
4.0 b
4.7 ab
Dormant
65.7 b
88.0 a
82.0 a
81.0 a
Total Viable
34.3 a
12.0 b
18.0 b
19.0 b
Non-viable
o
Upton, KY (37.46 N)
1.3 b
57.3 a
60.7 a
0.0 b
Initial Germ
18.3 b
4.3 c
0.0 c
31.3 a
Quiescent
13.7 a
13.0 a
5.3 b
6.7 b
Dormant
33.3 b
74.7 a
67.0 a
38.0 b
Total Viable
66.7 a
25.3 b
33.0 b
62.0 a
Non-viable
†
Letter following mean number of seedlings denotes differences between means within a
row (treatment effects). Means were separated by Tukey’s LSD at p # 0.05.
o

o
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Temperature
Viable seed of all accessions germinated within 28 days under 10/5o to 25/20oC
temperature treatments (Table 7). Initial germination was significantly greater for all
accessions under in the 15/10 and 20/15o C. Significant differences were observed in all
characteristics for all locations, therefore each location will be described individually.
Beginning with the southern most accession, Laurel, MS, initial germination
percentage was greatest in the 20/15oC treatment with 27.3%. For quiescence, the
15/10oC and the 25/20oC had significantly more counted seed than the other treatments
with 35.3 and 36.3% mean germination. The 10/5oC treatment had the greatest amount of
dormant seed with 31.7%. In terms of viability, the 10/5oC treatment had a significantly
less mean germination percentage of 40.7% than all other treatments.
Initial mean germination for Starkville, MS, was highest in the 15/10oC and
20/15oC treatments with 36.0 and 43.0%. For quiescence, the 10/5oC and 25/20oC
treatment had greater mean percentages with 20.7 and 16.0, respectively. No significant
differences were observed for dormant seed. For viability, the 15/10oC treatment had the
highest percentage for total viability with 67.3, and 58.0 in the 25/20oC treatment for nonviability.
The Athens, AL seedlot experienced significant differences for all categories of
germination. For initial germ, the 15/10 and 20/15oC treatments had greater mean
percentage germination with 55.7 and 64.0, respectively. The 10/5oC treatment had
greater mean percentage quiescent and dormant seed than all other treatments with 37.7%
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and 10.3%, respectively. For viability, the 25/20oC treatment had significantly less mean
total viable seed with 26.0, and inversely, 74.0% for non-viability.
The Bolivar, TN accession had the highest initial germination percentage in the
15/10o and 20/15oC treatments with 81.7 and 75.3%. The 25/20oC treatment had
significantly more quiescent seed than all other treatments with 75.7%. For dormancy,
the 10/5oC treatment had the greatest percentage with 8.0%. As for viability, the 10/5oC
treatment had significantly less total viable seed (65.7%) and inversely, significantly
higher non-viable, or dead seed (34.3%).
The northern most location, Upton, KY, demonstrated high initial germination
percentages in the 15/10o and 20/15oC treatments (57.3 and 60.7, respectively). The
25/20oC treatment had a significantly greater mean germination percentage than all other
treatments with 31.3%. For dormancy, the 10/5 and 15/10oC had greater percentages with
13.7 and 13.0, respectively. For viability, the 10/5o and 25/20o treatments had
significantly lower total viability with 33.3% and 38.0%, while experiencing the greatest
percentage non-viable seed with 66.7% and 62.0%, respectively.
Results from these findings are similar to those of Evans and Young (1963). Their
study on ‘Magnar’ basin wildrye [(Leymus cinerus (Scrib. & Merr.)] evaluated the effects
of varying temperatures on this particular cultivar, along with sister accessions. They
observed that germination was delayed or inhibited at colder, warmer, or widely
fluctuating temperature regimes. The extreme temperatures of the treatments applied to
the southeastern wildrye experienced the same reactions.
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Vogel et al. (2006) conducted an experiment on Elymus to determine the genetic
variability among collected accessions along with the extent of genotype x environment
interactions. Like our accessions, significant variation was present among accessions and
strains over years and evaluation sites for a number of characteristics. However, Vogel
and others’ regression analysis indicated that accessions did not differ significantly in
germplasm origin and test site location for biomass yield over a large geographic area,
which is similar to our data. Their results showed that Canada wildrye accessions
collected in the Midwest are adapted to a broad geographical area. The southeastern
wildrye accessions collected for this study were gathered from USDA Plant Hardiness
Zone 6, 7, and 8, and display a similar distribution to the Vogel et al. (2006) study.
Sanders and Hamrick (1980) studied the breeding system of Canada wildrye. One
conclusion made in their report was that variation in outcrossing rates may be genetically
controlled, but it is not correlated with the geographic origin of the populations. The seed
used in the Sanders and Hamrick (1980) study showed that those populations had high
and low outcrossing rates as did populations with high and low levels of variation. Vogel
et al. (2006) and Sanders and Hamrick (1980) both suggest that the geographic origin of
the accession has no direct influence on the germinability of wildrye, but rather it is the
climatic conditions that affect seed germination. These two studies, and results from our
research, support the findings of Evans and Young (1983), that environmental factors,
such as soil conditions, greatly affect germination; and the Boyce et al. (1976) conclusion
that dormancy and germination may be affected by environmental conditions and is a
function of temperature during seed maturation. The five accessions analyzed in this
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experiment were collected in partly shaded conditions, along drainage areas of right-ofways. These environments provided varying shade and moisture levels, resulting in
potentially stressful conditions for seed set. Lower germination, as observed for the
Laurel, MS accession, therefore, may be a result of environmental constraints, as opposed
to gene expression. Baskin and Baskin (2001) state that water stress during the time of
seed development can cause variation in germination percentages of the seed. The most
common result of studying plants grown at a specific temperature is that seed produced
by plants at high temperatures have higher immediate germination percentages than those
produced at low temperatures (Stearns, 1960). However, depending on the site of the
original collection, seed from T. australis grown at 33/28 and 21/16o C did not differ in
degree of dormancy, whereas the same species at a different site was less dormant when
grown at 33/28 than at 21/16o C (Groves et al., 1982). Our results show that temperature
requirements for germination of southeastern wildrye are not correlated to the site of the
collection (latitude) which can be seen in the lack of differences between the Laurel, MS
and Upton, KY collection (Table 7).
When assessing the total viability between the different treatments, there are
significant differences between the most extreme treatments (10/5 and 25/20oC) verses
the moderate temperature treatments of 15/10 and 20/15oC as found by Evans and Young
(1963) in basin wildrye. This can also be seen in the comparisons of dormancy in our
accessions. Extreme cold or hot temperatures can revert germinable wildrye seed to
physiological dormancy. Vegis (1963) observed “enforced dormancy” and defined it as
the arrested growth of nondormant seeds or organs due to unfavorable environmental
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conditions. The major environmental factor reported to cause changes in dormancy state
is temperature (Baskin and Baskin, 2001).
Akpan and Bean (1977) cite year to year temperature differences as affecting yield
and quality of seed crops for Italian ryegrass [Lolium perenne L. ss. multiflorum (Lam.)
Husnot], perennial ryegrass (Lolium perenne L.) and meadow fescue [Schedonorus
pratensis (Huds.) P. Beauv.]. These cool-season forages germinated highest from those
seeds developed at 25/20oC, however a 15/10oC treatment produced seedlings with larger
dry weights. Only one of the accessions (Laurel, MS) germinated significantly higher at
the 20/15oC regime. The other four accessions germinated equally well for the 15/10 and
20/15oC treatments. Our results suggest slightly lower optimum germination
temperatures than that of Akpan and Bean (1977), and are clearly within the
recommended requirements for those suggested for Canada wildrye (15-30oC) by the
Association of Official Seed Analysts (AOSA 1980). No protocol is currently listed for
any of the other wildryes tested.

Light
Mean germination was assessed at the end of the initial two week period and again
at four weeks. The analysis of the light treatments under optimal temperature
germination requirements (determined by the temperature evaluation) indicated no
significant difference for total mean germination percentage among any of the treatments
by the end of the four week germination period (Table 7). The constant dark treatment a
mean germination of 63.5%, followed by long day with 63.0%, constant light with 54.5%,
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and short day with 52.5%. Light treatment did affect velocity of germination. Mean
germination was assessed at every two days for a period of four weeks. Constant dark
and constant light treatments had significantly greater initial germination than the long
day and short day treatments at the end of two weeks (Figure 10). The constant dark and
constant light treatments had a two week mean germination of 27.0% and 35.0%,
respectively, but the constant light is an unnatural treatment. The long day treatment had
a mean germination of 16.0%, while the corresponding short day treatment had a mean of
3.0% at the end of two weeks. This could impact a planting date recommendation, except
at the end of the four week germination period, there were no significant differences
between any of the light treatments.

Table 7

Southeastern wildrye (Elymus glabriflorus) (Starkville, MS collection)
mean percentage germination across four light treatments for two weeks
and four weeks at 20oC and 50-60 µmol m-2s-1 illumination.
Light Treatment
Initial Germination (Two weeks; % Germination)

Seedlot
Origin

Constant
Dark

Constant
Light

Long Day
(16 hr)

Short Day
(8 hr)

Starkville, MS

27.0 a†

35.0 a

16.0 b

3.0 c

Cumulative Germination (Four weeks; % Germination)
Starkville, MS
63.5 a
54.5 a
63.0 a
52.5 a
Letter following mean number of seedlings denotes differences between means within a
row (treatment effects). Means were separated by Tukey’s LSD at p # 0.05.

†
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Figure 10

Southeastern wildrye (Elymus glabriflorus) germination rate of Starkville,
MS seedlot for twenty-eight days. Seed germinated at 20/15oC under
corresponding treatments; long day (16 hr), short day (8 hr), constant light
and constant dark. Light sources were cool white fluorescent tubes (50-60
µmol m-2s-1 illumination).
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The constant light treatment resulted in more rapid germination (between day 4-6),
followed by constant dark (between day 6-8) (Figure 9). While there was no significant
difference at the end of the four week period, the onset of germination is affected by
treatment and could impact establishment. Light conditions under which plants are
grown plays a major role in the germination of the resulting seed. Light requirements for
a particular species would be expected to be uniform across locations. Kigel et al. (1977)
took plants of Amaranthus retroflexus L. and grew them under short (8 hr) and long (16
hr) days in both full sunlight and shaded conditions. Short day plants grown in the shade
germinated at higher percentages in darkness and were more responsive to cold
stratification than those from nonshaded short-day plants. Seed from shaded long day
plants germinated at lower percentages in darkness and were less sensitive to cold
stratification than those from nonshaded, long day plants. However, some nondormant
seed germinate equally well in light and darkness (Baskin and Baskin, 1988), while others
perform better in darkness than in light such as Bromus sterilis L. (Hilton, 1982). The
southeastern wildrye accessions in the light study were collected along tree lines in ditch
banks (partial shade) and in full sun conditions. Initial germination (two weeks)
differences showed the constant light and constant dark treatments as having the greatest
germination rates (Figure 9) and earliest onset of germination. There were no differences
between light treatments after the end of the cumulative (four weeks) germination period.
Due to the stark contrast between these two light treatments, temperature seems to have a
greater influence when it comes to germinability of southeastern wildrye. Surface
planting (constant light; 8 hr; 16 hr) is affected by light duration, but since continuous
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light is an un-natural condition and there is no difference between constant light and
continuous darkness, planting should be into the soil profile. Depth of planting is
discussed later in this manuscript.
The AOSA handbook (1980) recommends light (cool white fluorescent source at
least 8 for every 24 hr during high temperature for alternating temperatures after a
stratification period of two weeds) for germinating Canada wildrye. The poststratification light requirement suggests that the species being tested germinates with the
onset of longer days ($8 hr). Our experience in establishing southeastern wildrye in field
trials (as will be discussed in following sections) has proven that fall establishment
(shortening days; #12 hr) immediately after Aug seed collection is a successful planting
method. A majority of cool-season grasses, particularly tall fescue, are planted in the fall
(Broome et al., 2012) with enough time prior to freezing temperatures to establish
primary and axillary roots and carbohydrate storage structures (crown). Early spring
planting of these cool-season grasses (whether by seed or seedling) results in extremely
late (or non-existent) seed set. Our results indicate that for southeastern wildrye, light
requirements do not influence germination as much as temperature, but can be a limiting
factor to stand establishment.

pH
When southeastern wildrye germination was tested at adjusted soil pHs, significant
interactions were observed. The first of the experiments produced significant differences
in germination for pH and acid source along with interaction between pH and anion

76

source. Germinated seedling counts were conducted from Mar 3 to Mar 23, 2010.
Seedlings grown in the pHs of 5.0 and 7.0 showed significantly greater percentage
germination than pHs 4.0 and 3.0 with 76.9 and 75.5%, respectively. As expected, pH
3.0 had the lowest percentage germination with 38.9 (Table 8).
Hydrochloric acid moderated solution generated significantly greater germination
percentages than the other two acids with an overall mean percentage of 66.7.
Phosphoric acid had a mean percentage of 61.4, followed by sulfuric acid with 60.9%
(Table 9). The repeat experiment assessing southeastern wildrye seedling development
under varying pH solutions unfortunately, did not display significant results.
Three seed were planted into each plastic cone-tainer (May 3, 2010) under
alternating temperatures (15/10o C) and short day lengths (8 hr). After germination,
seedlings were thinned to one per cone, and transferred to a greenhouse (May 10, 2010;
natural light, increasing day length). Height was measured for the seedlings for two
weeks and there were no significant effects of pH, or acid type.
Results of the second (repeat) experiment may have been skewed due to
environmental stresses experienced during growth in the greenhouse. When the seedlings
were transferred to long-day conditions, heat stress may have caused the cool-season
grass to discontinue growth. After the first week of greenhouse growth, the seedlings
began to turn grey; a symptom of heat stress in forages in response to shade tolerance and
soil temperatures (Lin et al., 1999). Another possible explanation for decreased seedling
vigor may have been insufficient time in optimum growing conditions (i.e. cooler
temperatures) before the environment (nutrient solution and pH) could affect growth.
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Southeastern wildrye (Elymus glabriflorus) germination percentages with
respective pH’s and sources of acid.

Table 8

pH

Acid

Germination (%)

3

38.9 c*

4

66.0 b

5

76.9 a

7

75.5 a
HCl

66.7 a†

H2SO4

60.9 b

H3PO4
61.4 b
*Letter denotes significant differences within the column for pH. Means were separated
by Tukey’s LSD at p # 0.05.
†
Letter denotes significant differences within the column for acid source. Means were
separated by Tukey’s LSD at p # 0.05.

Accessions of basin wildrye were also evaluated on their ability to germinate in a
wide range of osmotic potentials and pHs (Young and Evans, 1981). They discovered
that seed produced by plants growing in nonalkaline conditions (lower pH) was more
adapted to germinate in saline/alkaline soils (high pH). Specific soil pH at our accession
locations was not obtained. These researchers link germination to seedbed temperatures,
indicating that as fall rains occur, seedbed temperatures may be too low for germination.
Seed remain dormant during the winter. In spring, seedbed temperatures rise, and snow
melt dilutes the salt concentration, allowing germination. For our accessions, seed was
collected in riparian areas with constant or intermittent water flow. Seed was also
collected along field edges of prairie ecosystems where some soil pHs are more alkaline
(pH > 7). These prairies, specifically the Blackbelt Prairie in Mississippi and Alabama
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are comprised of soils that were formed from limestone deposits from marine
sedimentation (Jones et al., 2007). Our observations confirm Young and Evans (1981)
findings. Seed collected from plants with extreme pHs (Black Belt Prairie seed) does not
specifically determine the optimal pH in which their progeny will germinate. Our tests
show that southeastern wildrye germinates in solutions whose pH is between 5 and 7,
despite the pH of the soil where the parent plant was located.
The results of the first pH experiment adequately displayed the range and type of
acid tolerance of wildrye. The species compiled in this study tend to germinate the
greatest in soils with a pH greater than 5.0. The second experiment, unfortunately, did
not display the expected results. Heat stress and longer day length (as reported in light
germination experiment) are believed to be two major reasons for this experiment’s stand
failure. A suggestion for future experimentation would be to control conditions longer,
allowing seedlings to grow out under identical conditions. This would remove external
variables that were not intended to effect the outcome.
Positively speaking, there appears to be a very general pH requirement for
germination of wildrye. As with most species, the increased availability of aluminum in
acid soils inhibits plant growth and development (Okusanya, 1978). Similar to other
studies, increasing H+ ion concentration by acidifying the water solution decreases normal
germination (Varco and Sartain, 1966). However, with most native species, there is a
window of opportunity for germination of breeding plants with lower nutritive
requirements. As was noted in basin wildrye, the adaptation for certain populations to
extreme environments gives the species a distinct advantage when beginning a breeding
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program (Young and Evans, 1983). Soil pH could likely affect stand establishment, thus
decreasing subsequent forage availability. Therefore, selection of acid soil (aluminum)
tolerant mother plants of wildrye could be a base characteristic of a new cool-season
forage.

Covering Structures of Caryopsis
Seed-associated structures are known to impact germination (Baskin and Baskin,
2001). Germination was assessed in three categories: germinated, dormant (viable, but
not germinated), and dead (non-viable). Significant effects on germination due to
physical structures attached to the embryo where present. In terms of initial germination
(35-d), the debearded/glumeless and bearded/glume attached treatments were
significantly greater in percentage germination than the debearded/glume attached
(43.3%) treatment with 55.7 and 55.3%, respectively, but not the bearded/glumeless
treatment (54.7%; Table 9). There were no significant differences in rate of germination
across all treatments (Figure 11). For dormancy, significant differences were present.
The debearded/glume attached (20.2%) treatment was greater in mean percentage than the
bearded/glume attached (12.0%) treatment, but not the debearded/glumeless (18.0%) or
bearded/glumeless (19.2%) treatment. As for dead or non-viable seed, there were no
significant differences between treatments (i.e. removal of these structures from the seed
did not impact viability).
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Table 9

Treatments for the covering structure germination experiment found on
southeastern wildrye (Elymus glabriflorus). Germination characteristics
are initial germination (35 d), dormancy, and non-viable (dead). All are
reported as percentages.
Initial
Germination
(35 d)

Dormant

Treatment

Non-viable

Percentage (%)

Debearded/
Glumeless

55.7 a*

18.0 ab

26.3 a

Debearded/
Glume Attached

43.3 b

20.2 a

36.5 a

Bearded/
Glumeless

54.7 ab

19.2 ab

26.2 a

Bearded/
55.3 a
12.0 b
32.7 a
Glume Attached
*Letter denotes significant differences within the column. Means were separated by
Tukey’s LSD at p # 0.05.
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Figure 11

Rate of germination for treatments in the covering structures of caryopsis
germination experiment conducted on southeastern wildrye (Elymus
glabriflorus). Treatments include: debearded/glumeless, debearded/glume
attached, bearded/glumeless, and bearded/glume attached.
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Unplugging natural openings of seed coverings, or removing appendages from the
seed coat are not random or haphazard events, and the timing of germination of seeds
with physical dormancy is environmentally controlled by nature (Baskin and Baskin,
2001). Depending on various environmental factors, permeability of the seed coat and
germination can be predicted for certain times of the year. Mechanical scarification
allows water to enter through the openings created. This method has been mechanized
with the use of rollers, blowers, or brushes and screens that remove appendages creating
fractures in the seedcoat allowing for water imbibition and easier planting. The
treatments removing appendages conducted here did not necessarily permit, or restrict
water infiltration, but were simply tested in order to determine if removal of physical
structures by mechanical practices affected germination. Seed cleaning processes
conducted primarily for ease of planting often remove hairs or awns which can effect
germination (Sindel et al., 1993). In removing the awns and glumes of southeastern
wildrye, we expected to enhance germination. However, germination was inhibited when
appendage-removing treatments were compared to the control (bearded/glume attached).
The removal of the glume has been shown to stimulate germination (Renard and Capelle,
1976) in ruzizigrass (Brachaaria ruziziensis Germain & Evrard). Results observed in this
experiment showed that the debearded/glume attached (result from debearding cleaning
process) had significantly less mean percentage germination than all other treatments.
Therefore, debearding southeastern wildrye is not a recommended cleaning process in
order to preserve innate germination capabilities. However, unclean seed may cause
“bridging” in tubes transferring seed from the hopper to planting unit in no-till seeding.
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Planting rates should be adjusted to accommodate reduced germination when establishing
debearded southeastern wildrye.

Planting Depth
This experiment was a tray study carried out in the greenhouse in order to
effectively manage depth of planting. Results are reported as percentage of seedlings
emerged (Zhang et al., 2012) by year due to significant interactions between years. Seed
was planted Feb 24, 2011 and Feb 22, 2012. Results were broken out into three initial
categories: 7, 14, and 21 d counts. No seedlings were present for any seeding depth at the
7 d count in either year, therefore only the 14 and 21 d counts were statistically analyzed.
Significant differences were observed for planting depth in 2011. For the 14 day
count, the 0.64 cm treatment had the greatest mean percentage of seedlings with 41.8% (3
rows per tray; 50 seed per row; Table 11). This was followed by the 2.54 cm treatment
(23.4%), 1.27 cm (22.6%), and 1.90 cm (20.4%). The treatment with the lowest
percentage of seedlings was the surface, or broadcast method, with 13.8%. As for the 21
day count, the 0.64 cm treatment again had the greatest mean percentage of seedlings per
row with 64.5%, which was significantly greater than all other treatments. The surface
treatment was again the least significant treatment with 32.4% of the seedlings emerging
in the row.
Significant differences were again observed for the 2012 portion of the planting
depth study (Table 11). As with 2011, no seedlings had emerged from the soil by the
seventh day. For the 14 d count, the 0.64 cm treatment had the highest percentage of
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emerged seedlings with 6.8%, which was significantly similar to the 1.27 cm (5.8%) and
surface (4.6%) treatments. There were no apparent trends relating depth with seedling
count (i.e. the shallower the planting, the greater number of seedlings). However, the
deeper the planting (greater than 1.27 cm), the fewer number of seedlings emerged
(except for surface planting). After 21 days, the 1.27 and the 0.64 cm treatments had
significantly greater percentage emergence than the other treatments with 29.8 and
25.4%, respectively.

Table 10

Planting depth treatments and mean percentage number of seedlings per
row (36.5 cm) for southeastern wildrye (Elymus glabriflorus). Based on
50 seed/row for the 2011 and 2012 growing season.
Days until seedling emergence
7

Treatment
(depth in cm)

2011

14
2012

2011

21
2012

2011

2012

Percentage (%)

surface

0.0 a*

0.0 a

13.8 c

4.6 abc

32.4 c

15.0 b

0.64

0.0 a

0.0 a

41.8 a

6.8 a

64.4 a

25.4 a

1.27

0.0 a

0.0 a

22.6 bc

5.8 ab

54.6 b

29.8 a

1.90

0.0 a

0.0 a

20.4 bc

1.0 c

53.6 b

15.2 b

2.54
0.0 a
0.0 a
23.4 b
2.4 bc
53.6 b
14.8 b
*Letter denotes significant differences within the column. Means were separated by
Tukey’s LSD at p # 0.05.

The establishment of grasses occurs in two distinct phases; (1) seedling emergence
(which may be affected by planting depth), and (2) seedling establishment (development
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of adventitious root system). Deeper planting often restricts root development, and
depletes starch reserves in grasses. Results observed here were somewhat similar to those
described by Newman and Moser (1988) for smooth bromegrass (Bromus inermis
Leyss.), big bluestem, indiangrass, and switchgrass. For their studies, as depth of
planting increased, seedling emergence decreased. This is particularly the with kleingrass
(Panicum coloratum L.), whose light requirements and storage reserves require shallower
planting (Tischler and Voight, 1984). For the two years this study was conducted, the
0.64 cm treatment had greater percentage of seedlings to emerge than most other
treatments. This planting depth is typical for native grass establishment (Harper, 2007),
however, southeastern wildrye does not seem to be as sensitive to deeper planting depths
when compared to native warm-season grasses (Newman and Moser, 1988). Tall fescue
planting depth is recommended at 0.64-1.27 cm (Broome, 2012). Brock (1973)
determined the optimal planting depth of two tall fescue varieties was 1.25 cm, with
significantly lower germination observed for broadcast sowing. Of the treatments
assessed in this study, the broadcast, or surface, seeding is not recommended. Fluctuating
moisture levels and loose, seed to soil contact inhibit optimum germination conditions,
thereby delaying or foregoing establishment. The shallower (0.64 cm) planting depth of
southeastern wildrye enables seed mixes (multiple species) to be planted simultaneously
without changing equipment settings or requiring multiple planting events.
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Forage Testing
Mississippi Cool-Season Forage Variety Trial
The Mississippi Cool-Season Forage Variety Trial consisted of 18 entries
comprised of seven wildryes, two wheatgrasses, five orchardgrasses, one timothy, and
three tall fescues. The trial was planted on Oct 12, 2010 at the H.H. Leveck Animal
Research Unit (South Farm) at Mississippi State University, MS. Four harvests were
conducted in 2011 and three in 2012. The first harvest was conducted six months after
planting. Results are reported sequentially for each measurement taken by year. Data
was taken for: height, yield, ground cover ratings and forage quality. For each data
collected, entries that were significantly above the test mean are noted along with
significant differences observed within Elymus entries. Significant differences were
observed for heights, yield, ground coverage ratings, CP, ADF and NDF (Appendix A;
Table A1).

Heights
Three heights were taken for each plot prior to each harvest. Analysis for mean
height of the first harvest (Apr 10, 2011) resulted in a fairly narrow range of significance,
considering the number of entries in the trial (Table 11). Profit orchardgrass (41.6 cm),
Jesup MaxQ tall fescue (31.8 cm), and Kentucky-31 (28.9 cm) were significantly greater
than the test mean (19.1 cm). As for the Elymus entries, southeastern wildrye (19.0 cm)
was significantly taller than Omaha Virginia wildrye (10.9 cm) and the Canada wildrye
ecotype (12.0 cm). The second harvest (May 9, 2011) showed similar results. Profit
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orchardgrass (27.3 cm) and Jesup Max-Q tall fescue (25.7 cm) were significantly greater
than the test mean of all entries (20.0 cm). For the Elymus entries, southeastern wildrye
(20.8 cm) and Omaha Virginia wildrye (20.7 cm) were significantly taller than Canada
wildrye (15.1 cm) and riverbank wildrye (15.9 cm). For the final spring harvest (Jun 8,
2011), heights decline as expected. The three tall fescues, Kentucky-31 (18.9 cm) and 32
(19.3 cm), and Jesup MaxQ (21.6 cm) were significantly taller than the test mean of 14.6
cm. There were no significant differences among the Elymus entries. The fall harvest
(Dec 12, 2011) was the first harvest conducted following a fertilizer treatment (Sep 13,
2011) and a full growing summer dormancy period. Heat and drought conditions were
experienced during the summer months with highs topping 37oC (Table 12). These
stressful conditions tested the persistence of some of the entries. Kentucky-31 and -32,
Jesup MaxQ, and Potomoc orchardgrass were significantly taller than the test mean
height (16.5 cm) with heights of 24.2, 22.3, 22.2, and 21.7 cm, respectively. No
significant differences were observed for the Elymus entries in the final harvest of 2011.
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12.0 fg
15.3 efg
17.1 ef
14.3 efg
14.9 efg
19.0 de
9.4 g

Elymus
Elymus
Elymus
Elymus
Elymus
Elymus
Elymus
Thynopirum

Canada wildrye

Riverbank wildrye

Bottlebrush wildrye

Virginia wildrye

‘Icy Blue’ Canada wildrye

Southeastern wildrye

Slender wheatgrass

Intermediate wheatgrass

25.7 ab*
20.0
4.4

16.3 ef
41.6 a*
16.9 ef
19.1 de
13.7 efg
24.7 cd
28.9 bc*
31.8 b*
19.1
6.5

Dactylis
Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

‘Pennlate’ orchardgrass

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue

Test Mean

LSD

‘Tukka’ timothy
24.3 abc

23.4 abcd

19.8 defg

19.2 defgh

20.9 cdef

27.3 a*

18.3 efghi

24.2 cd

Dactylis
22.3 bcde

17.9 fghi

14.4 i

20.8 cdef

16.9 fghi

18.1 efghi

18.5 efghi

15.9 ghi

15.1 hi

20.7 cdef

May 9

‘Potomoc’ orchardgrass

14.4 efg

10.9 fg

Elymus

‘Omaha’ Virginia wildrye

Apr 10
†

Genus

2011

3.3

14.6

21.6 a*

18.9 abc*

19.3 ab*

11.7 e

13.3 de

14.1 de

16.5 bcd

14.5 de

15.9 cd

16.3 bcd

11.9 e

13.6 de

14.9 de

12.2 e

12.0 e

12.2 e

11.9 e

11.8 e

Jun 8

4.0

16.5

22.2 ab*

24.2 a*

22.3 ab*

12.5 g

17.3 def

17.9 cde

19.9 bcd

19.6 bcd

21.7 abc*

15.2 efg

11.9 g

14.9 efg

13.6 fg

13.9 efg

11.7 g

13.5 fg

13.3 fg

11.5 g

Dec 12

5.2

13.9

19.4 ab*

20.4 a*

18.3 abc

12.6 def

18.6 abc

14.9 bcde

19.4 ab*

17.3 abcd

19.7 ab*

10.4 ef

8.7 f

13.5 cdef

10.1 ef

9.4 f

9.8 ef

9.6 f

9.9 ef

8.9 f

Mar 20

4.5

13.6

15.9 ab

17.8 ab*

15.5 abc

14.0 abcde

14.7 abcd

17.2 ab*

16.6 ab

15.6 abc

18.1 a*

10.6 def

9.9 ef

14.9 abcd

13.5 bcdef

10.8 def

9.6 ef

11.3 cdef

9.0 f

9.0 f

Apr 11

2012

1.9

11.4

13.3 a*

12.1 abcde

12.9 ab

9.8 fg

12.2 abcd

12.7 ab

12.5 ab

14.0 a*

12.5 abc

10.1 fg

10.4 defg

11.2 bcdef

10.0 fg

11.2 bcdef

9.2 g

9.4 fg

10.2 efg

10.6 cdefg

May 8

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

†

Entry

Mean height (cm) for the Mississippi Cool-Season Forage Variety Trial taken in 2011 and 2012.

Common Name

Table 11

Heights in 2012 followed the pattern for 2011 with the non-native entries having
greater heights than the Elymus entries. Mild winter temperatures allowed for earlier
green-up, therefore conditions permitted for earlier harvests. For the first harvest (Mar
20, 2012), Kentucky-31(20.4 cm) and Jesup MaxQ tall fescue (19.4 cm), Potomoc (19.7
cm) and Profit orchardgrass (19.4 cm) were significantly greater than the test mean (13.9
cm). No significant differences were observed in the wildrye entries. Heights for the
second harvest (Apr 11, 2012) resulted in Potomoc (18.1 cm) and Olympia orchardgrass
(17.2 cm) and Kentucky-31 tall fescue (17.8 cm) being significantly taller than the test
mean (13.6 cm). During this harvest, southeastern wildrye (14.9 cm) was significantly
taller than Omaha Virginia wildrye (9.0 cm) and Canada wildrye (9.0 cm). The third and
final harvest (May 8, 2012) was also the final harvest for the duration of the trial. Jesup
MaxQ tall fescue (13.3 cm) was the only entry significantly taller than the test mean (11.4
cm). Southeastern wildrye (11.2 cm) and Virginia wildrye (11.2 cm) were significantly
taller than bottlebrush wildrye (9.2 cm).
As mentioned in previous chapters information pertaining to the specific wildrye
entries used in these tests is extremely limited. Therefore comparisons can only be made
for the entries that have been previously researched. No information regarding heights of
any wildrye accessions or cultivars could be found. Sanderson et al. (2004) evaluated
tiller production and leaf morphology on 15 Virginia wildrye accessions and cultivars, but
no plant height data was taken.
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Table 12

Monthly average air temperature (maximum and minimum) and total
rainfall at Mississippi State, MS during 2011 and 2012 growing seasons.
2011

2012
Air temperature (oC)

Month

High

Low

High

Low

Mar

20.5

8.5

24.6

12.8

Apr

25.9

15.7

25.2

13.7

May

27.8

17.9

29.9

18.2

Jun

34.5

21.6

31.7

20.3

Jul

34.4

22.2

33.8

22.8

Aug

34.9

21.4

Sep

29.0

15.2

Oct

23.5

7.1

Nov

19.4

7.2

Dec

13.9

2.7
Mean rainfall (mm)

Mar

53

60

Apr

102

32

May

17

27

Jun

44

24

Jul

35

77

Aug

15

Sep

61

Oct

9

Nov

30

Dec

53

Plant heights for Kentucky-31 tall fescue were similar to those of Arachevaleta et
al. (1989) with similar planting densities and fertility treatments. Plant heights decreased
as fertility treatments were withheld and added stress were applied to stands. Response to
defoliation may be influenced by changes in their respective environments (Hartnett,
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1989), which was observed in our study with the negation of fertilizer. It is well
documented that N fertilization increases dry matter yields of cool-season grasses
including tall fescue and orchardgrass (Belesky et al., 1982; Davidson, 1980; Hallock et
al., 1973; Mislevy et al., 1977). This was clearly seen in all entries of the Mississippi
Cool-Season Forage Variety Trial. Multiple harvests without application of removed
nutrients significantly affected regrowth.
To serve as a non-harvested comparison, two years of above ground biomass
heights were taken on a land race population comprised of southeastern wildrye
accessions collected along riparian areas from north-central to south Mississippi and
west-central Alabama. Heights were taken every 15 days throughout the year from 10
random plants throughout the plot. Total seasonal yield is positively correlated with
canopy height (Lemus, 2002), which in this case, is also an indicator of seeding/jointing
and therefore may be coupled with a decrease in forage quality. Heights taken during this
time period were similar to those taken during the Mississippi Cool-Season Forage
Variety Trial until harvests began. Seed was collected from this population each year
following establishment around Jul 4, or when seed moisture had dropped to harvestable
levels. After harvest, the plot was mowed to a height of 20 cm. The resulting illustration
of southeastern wildrye depicts forage yield demonstrating usual seasonal distribution of
growth. This distribution varies among species of Elymus, but can be extremely
important in planning and implementing a grazing or harvesting program (Ball et al.,
2007).
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Yield
There was an interaction for the yield data by year, therefore data is presented by
harvest within each year. Dry matter (DM) tonnage was assessed for each entry by
manually harvesting each plot and correcting for percentage moisture (Table 13). Yield,
which is a direct reflection of height, follows the same general pattern of significance for
the entries. For the first harvest (Apr 10) of 2011, Jesup MaxQ tall fescue and Profit
orchardgrass were the only entries significantly greater than the test mean (3.0 Mg/ha) in
dry matter yield with 5.0 and 4.6 Mg/ha, respectively. No significant differences were
observed for the wildrye entries. For the second (May 9, 2011) and third (Jun 8, 2011)
harvest, no entries were significantly greater than the test mean (2.8 and 3.8 Mg/ha,
respectively). However, significant differences were experienced for the Elymus entries
for those two harvest dates. For the May 9 harvest, Virginia wildrye (3.1 Mg/ha),
bottlebrush wildrye (3.1 Mg/ha), and southeastern wildrye (3.0 Mg/ha) were significantly
greater than Canada wildrye (2.6 Mg/ha). As for the Jun 8 harvest, Omaha Virginia
wildrye (4.2 Mg/ha) was significantly greater in DM yield than Icy Blue Canada wildrye
(3.4 Mg/ha). For the final harvest of 2011 (Dec 12), significant differences were
observed. The three tall fescues had significantly greater yields than the test mean (3.2
Mg/ha); with 4.7 (Kentucky-32), 4.6 (Kentucky-31), and 4.1 Mg/ha (Jesup Max-Q). No
significant differences were observed among the Elymus entries. For 2011 total
cumulative dry matter yields, Jesup MaxQ (15.7 Mg/ha) and Kentucky-31 tall fescue
(14.8 Mg/ha) were significantly greater than the test mean (12.8 Mg/ha). There were no
significant differences among the Elymus entries for cumulative DM yield.
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2.9 abcd
2.8
0.4

4.6 a*
2.8 cd
2.6 cd
2.6 cd
3.1 bc
3.6 b
5.0 a*
3.0
0.9

Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue
Test Mean
LSD

‘Tukka’ timothy
3.1 a

2.9 abcd

2.8 abcd

2.6 d

2.7 bcd

2.5 d

2.6 d

2.9 abcd

2.6 cd

2.6 cd

2.6 d

Dactylis

3.0 cd

Elymus

Slender wheatgrass

3.0 abc

‘Pennlate’ orchardgrass

2.8 bcd

Elymus

Southeastern wildrye

2.9 abcd

3.2 bc

2.7 bcd

Elymus

‘Icy Blue’ Canada wildrye

3.1 a

Dactylis

2.9 bcd

Elymus

Virginia wildrye

3.1 ab

‘Potomoc’ orchardgrass

2.8 bcd

Elymus

Bottlebrush wildrye

2.7 abcd

2.7 bcd

2.8 bcd

Elymus

Riverbank wildrye

2.6 d

Thynopirum

2.3 d

Elymus

Canada wildrye

2.9 abcd

May 9

Intermediate wheatgrass

2.5 cd

Elymus

†

Apr 10

‘Omaha’ Virginia wildrye

Genus

0.5

3.8

3.6 bc

3.6 bc

3.5 c

3.7 abc

3.8 abc

3.7 bc

3.8 abc

3.7 abc

3.6 bc

3.6 bc

4.1 ab

4.0 abc

3.4 bc

4.0 abc

4.1 ab

3.9 abc

4.0 abc

4.2 a

Jun 8

2011

0.9

3.2

4.2 a*

4.6 a*

4.7 a*

2.9 b

2.9 b

3.1 b

3.2 b

2.8 b

3.2 b

2.9 b

2.7 b

3.1 b

2.7 b

3.2 b

2.9 b

2.6 b

2.7 b

2.9 b

Dec12

1.8

12.8

15.7 a*

14.8 ab*

14.3 abc

12.0 e

11.9 e

12.3 e

14.1 abcd

11.7 e

12.9 cde

11.8 e

12.4 de

12.9 cde

12.1 e

13.3 bcde

12.9 cde

12.0 e

11.5 e

12.5 cde

Total

1.1

3.2

4.1 ab

4.5 ab*

2.5 d

2.6 d

2.9 bcd

2.7 cd

2.7 cd

2.7 cd

2.5 d

2.6 d

May 8

3.1 bc

3.5 a*

10.3 bcd

12.8 a*

8.7 defg

7.8 fg

9.6 cdefg

8.6 defg

7.6 g

8.5 defg

8.1 efg

7.6 g

7.9 efg

Total

3.2 cde

3.4 bcde

4.6 a

1.2

3.5

4.2 abc

4.4 ab

8.3 defg

9.8 bcdef

0.4

2.8

2.7 cd

2.9 bcd

2.2

9.5

10.9 abc

11.8 ab*

2.8 bcd 10.9 abc

2.6 d

2.6 d

3.2 ab* 11.4 abc

3.5 abcde 2.9 bcd 10.0 bcde

3.7 abcde

4.6 ab

3.5 abcde 2.6 d

2.9 de

3.9 abcd

3.1 cde

2.6 e

3.1 cde

3.2 cde

2.8 de

2.8 de

Apr 11

3.6 bcdef 4.6 a

2.5 fg

3.8 abc

3.6 bcde

3.7 abcd

3.6 cdefg

4.7 a*

2.6 efg

2.5 g

3.0 cdefg

2.7 defg

2.4 g

2.8 cdefg

2.3 g

2.3 g

2.5 efg

Mar 20

2012

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

†

Entry

Dry matter yield (Mg/ha) for the Mississippi Cool-Season Forage Variety Trial for harvests conducted in 2011
and 2012.

Common Name

Table 13

Tonnage for 2012 harvests was similar to those in 2011. For the first harvest (Mar
20, 2012), Potomoc orchardgrass (4.7 Mg/ha), Kentucky-31 tall fescue (4.5 Mg/ha) were
significantly greater than the test mean (3.2 Mg/ha). No significant differences were
observed for the Elymus entries. For the second harvest (Apr 11, 2012), no entry was
significantly greater than the test mean (3.5 Mg/ha). Significant differences were
observed for the Elymus entries. Southeastern wildrye (3.9 Mg/ha) was significantly
greater in DM yield than Virginia wildrye (2.6 Mg/ha). For the third and final harvest
(May 8, 2012), Potomoc orchardgrass (3.5 Mg/ha) and Olympia orchardgrass (3.2 Mg/ha)
were significantly greater than the test mean (2.8 Mg/ha). No significant differences were
observed for the Elymus entries. For 2012 total DM yields, Potomoc orchardgrass (12.8
Mg/ha) and Kentucky-31 tall fescue (11.8 Mg/ha) were significantly greater than the test
mean (9.5 Mg/ha). No significant differences were observed among the Elymus entries
for cumulative DM yield in 2012.
A study was conducted at the Kika de la Garza Plant Materials Center in
Kingsville, TX comparing two accessions of melic [Melica nitens (Scribn.) Nutt. ex
Piper; #904 and #905], two accessions of Virginia wildrye (# 763 and #845), one
accession of Canada wildrye (#285), two accessions of Elymus spp. (#957 and #971), and
‘Beefbuilder’ annual ryegrass as a commercial variety standard (Technical Note 1998).
Significant differences were observed in green (wet) weight values with Beefbuilder
ryegrass having greater forage yield than the Virginia wildrye (#763). Dry matter
ANOVA analysis showed no significant differences between wildrye accessions, however
Beefbuilder annual ryegrass was significantly higher in dry weight than all wildrye
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accessions. Sanderson et al. (2004a) evaluated dry matter yield per plant of 15 Virginia
wildrye accessions and two commercial orchardgrass cultivars (Pennlate and Potomoc).
Accessions and cultivars differed for DM yield. Orchardgrass yielded more DM per
plant than most wildrye accessions or cultivars. Similar results were found with the
studies conducted at Mississippi State, MS, with improved, non-native entries having
significantly greater DM tonnage than the non-improved accessions of wildrye.
Cool-season forage grasses have evolved, and continue to evolve, in natural
ecosystems subject to environmental factors that occur both in the presence and absence
of human influences (Casler et al., 1996). Forces of selection that act upon cool-season
forage grasses include natural selection (individuals with greatest fitness produce viable
progeny to succeeding generations), unconscious selection (humans save phenotypically
most valuable or desirable individuals), and methodical selection (systematic attempts to
create predetermined changes to populations). The non-native entries used in the
Mississippi Cool-Season Forage Variety Trial have gone through centuries of selection.
Tall fescue (Sleper and West, 1996), orchardgrass (van Santen and Sleper, 1996), timothy
(Berg et al., 1996), and wheatgrasses (Asay and Jensen, 1996b) have been developed
extensively within the past 100 years. Varieties have been released with improved
characteristics such as increased biomass yield, higher forage and seed quality, disease
resistance, and grazing tolerance. The wildrye accessions used in this study were simply
ecotypes: morphologically and genetically distinctive forms adapted to local
environments (Turreson, 1922). These entries have had little human influence and
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selection pressure, to which they have not achieved agricultural importance in North
America (Asay and Jensen, 1996).

Ground Cover Ratings
Establishment ratings were taken following each harvest (Table 14). These ratings
were numerical scores assigned to each plot describing the percentage coverage of the
desired species within each plot based on a scale from 1 to 5 (5 - greater than 80%
coverage; 4 - 60-80% coverage; 3 - 40-60% coverage; 2 - 20-40% coverage; 1 - less than
20% coverage). Ground cover rating results most simply demonstrated the need for
improvements in native species for future use.
Potomoc, Olympia, and Tekapo orchardgrass along with Kentucky-31 and Jesup
MaxQ tall fescue provided significantly greater ground cover than the test mean as
measured by the 1-5 rating scale for all harvests conducted (2011 and 2012). Profit
orchardgrass provide significantly more ground cover than the test mean in all harvests,
except the first in 2011 (April 10). Kentucky-32 tall fescue provided significantly greater
plot cover than the test mean in all harvests except the first harvest of 2012 (March 20).
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3.5

1.3 fg
3.3 bcd
3.3 bcd
2.3 def
1.0 g
2.5 de
4.5 a*
3.8 abc
4.3 a
4.5 a*
4.8 a*
4.0 abc
4.5 a*
4.8 a*
4.8 a*
3.3

Elymus
Elymus
Elymus
Elymus
Elymus
Thynopirum
Dactylis
Dactylis
Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

Bottlebrush wildrye

Virginia wildrye

‘Icy Blue’ Canada wildrye

Southeastern wildrye

Slender wheatgrass

Intermediate wheatgrass

‘Potomoc’ orchardgrass

‘Pennlate’ orchardgrass

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Tukka’ timothy

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue

5.0 a*

5.0 a*

4.8 ab

2.3 def

5.0 a*

5.0 a*

5.0 a*

4.0 abc

5.0 a*

3.5 abcd

2.8 cde

3.0 cde

3.3 bcde

1.8 ef

1.0 f

1.0 f

1.0 f

1.0 f

Mar 20

5.0 a*

5.0 a*

5.0 a*

2.5 b

5.0 a*

5.0 a*

5.0 a*

4.0 a

5.0 a*

2.8 b

1.0 c

2.8 b

2.5 b

2.3 b

1.0 c

1.0 c

1.0 c

1.0 c

Apr 11

1.2

3.0

5.0 a*

5.0 a*

4.8 ab*

1.8 de

5.0 a*

5.0 a*

4.8 ab*

3.8 bc

5.0 a*

2.8 cd

1.0 e

2.3 d

2.3 d

1.8 de

1.0 e

1.0 e

1.8 de

1.0 e

Dec 12

LSD
1.1
1.1
1.0
1.1
1.7
Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

Test Mean

3.6

5.0 a*

5.0 a*

4.8 ab*

4.5 abc

5.0 a*

5.0 a*

4.8 ab*

3.8 bcd

5.0 a*

3.8 bcd

1.0 h

2.5 ef

3.3 def

3.5 cde

1.3 gh

1.0 h

4.0 abcd

2.3 fg

Jun 8

2012

3.2

5.0 a*

4.8 ab*

4.5 abc

4.8 ab*

5.0 a*

4.8 ab*

3.8 bcd

5.0 a*

3.0 def

1.0 h

2.5 efg

3.5 cde

3.5 cde

1.5 gh

1.0 h

2011

3.3

†

5.0 a*

1.0 g

Elymus

Riverbank wildrye

3.0 def

3.0 cd

Elymus

2.0 fgh

May 9

Canada wildrye

†

Apr 10
1.8 fg

Genus
Elymus

Common Name

Entry

Mean ground cover ratings (scale of 1 to 5; 5 being greater than 80% coverage) for the Mississippi CoolSeason Forage Variety Trial for harvests conducted in 2011 and 2012.

‘Omaha’ Virginia Wildrye

Table 14

1.2

3.2

5.0 a*

5.0 a*

5.0 a*

2.5 b

5.0 a*

5.0 a*

5.0 a*

4.0 a

5.0 a*

2.8 b

1.0 c

2.8 b

2.5 b

2.3 b

1.0 c

1.0 c

1.0 c

1.0 c

May 8

No Elymus entries had cover ratings that were significantly greater than their
respective test means for any harvest date. Significant coverage differences were
observed among the native species for all harvests in 2011 and 2012. For the first harvest
in 2011 (Apr 10), Virginia wildrye (3.3), Icy Blue Canada wildrye (3.3), and Canada
wildrye (3.0) provided significantly greater plot coverage than riverbank wildrye (1.0),
bottlebrush wildrye (1.3), Omaha Virginia wildrye (1.8), and slender wheatgrass (1.0), but
not southeastern wildrye (2.3). For the second harvest (May 9), among the natives,
Virginia wildrye (3.5), and Icy Blue Canada wildrye (3.5) provided significantly greater
plot coverage than riverbank wildrye (1.0), bottlebrush wildrye (1.5), Omaha Virginia
wildrye (2.0), and slender wheatgrass (1.0), but not Canada wildrye (3.0) and southeastern
wildrye (2.5). For the third 2011 harvest (Jun 8), Canada wildrye (4.0) falls into the class
with greatest coverage, but variability was substantial. Canada wildrye had significantly
greater coverage ratings than all other natives except Virginia wildrye (3.5) and Icy Blue
Canada wildrye (3.3). Virginia wildrye had more coverage at this time than Omaha
Virginia wildrye (2.3), riverbank wildrye (1.0), bottlebrush (1.3), and slender wheatgrass
(1.0); but not Canada wildrye (4.0), Icy Blue Canada wildrye (3.3), nor southeastern
wildrye (2.5). Southeastern wildrye had more coverage than bottlebrush wildrye,
riverbank wildrye, and slender wheatgrass, but not Omaha Virginia wildrye, Virginia
wildrye, nor Icy Blue Canada wildrye. For the final harvest of 2011 (Dec 12), Icy Blue
Canada wildrye (2.3) and southeastern wildrye (2.3) provided significantly more plot
coverage than Omaha Virginia wildrye (1.0), riverbank wildrye (1.0), bottlebrush wildrye
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(1.0), and slender wheatgrass (1.0), but not Canada wildrye (1.8), nor Virginia wildrye
(1.8).
For the first harvest of 2012 (Mar 20), Icy Blue Canada wildrye (3.3), southeastern
wildrye (3.0), and slender wheatgrass (2.8) provided significantly more plot coverage than
Omaha Virginia wildrye (1.0), Canada wildrye (1.0), riverbank wildrye (1.0), and
bottlebrush wildrye (1.0), but not Virginia wildrye (1.8). For the second and third harvest
of 2012 (Apr 11 and May 8), Virginia wildrye (2.5) and southeastern wildrye (2.8)
provided significantly more plot coverage than all other native grass entries.
The study previously mentioned (Technical Note, 1998) also assessed percentage
cover for the varying wildrye accessions. Visual estimations indicated Beefbuilder
ryegrass provided significantly more cover than any of the wildrye accessions. This
affirms observations made in the Mississippi Cool-Season Forage Variety Trial that nonimproved accessions of wildrye did not establish or persist as well as the non-native,
improved entries. Height, yield, and ground cover analysis from our trial distinctly
separates native and non-native entries. The improved, non-native entries have been
developed to withstand frequent defoliation while maintaining certain levels of forage
quality. The native entries used in this trial are merely local ecotypes, collected along
right-of-ways, remnant prairies, and field borders. No selection criteria has been placed
on the entries used in this trial, especially in regards to forage quantity/quality. The
Sanderson et al. (2004a) study also evaluated survival on the 15 Virginia wildrye
accessions and two orchardgrass varieties. The wildrye accessions studied differed in
survival, and overall, Elymus survival was lower than orchardgrass. The Mississippi trial
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reaffirms this data, as orchardgrass entries consistently had greater heights and yields, and
higher percentage ground cover ratings than their native counterparts. Stand thinning was
experienced in a majority of the native plots, suggesting that certain individual plants
possessed the ability to withstand persistent defoliation, which would enable these plants
to ensure their survival in grazed communities (Manske and Ske, 1998). Native grasses
require longer periods of time during establishment prior to grazing (Harper, 2007).
Increased stress, such as cutting frequency (grazing) and harvest height, also affects stand
persistence. Bunch-type grasses, which include Elymus species, typically can not be
harvested or grazed to heights lower than 12-17 cm. Failure to allow enough above
ground biomass following harvesting will substantially reduce yield and the plant’s ability
to store nutrients will be weakened. Harvests should be delayed until plant heights reach
greater than 15 cm, as with native warm season grasses (Harper, 2007). Intervals between
harvests, allowing for compensatory growth, will be discussed under the Wildrye Harvest
Regime Trial.

Forage Quality
Samples were taken from each plot at each harvest to assess forage quality.
Laboratory analyses were conducted “as received” for crude protein (CP), acid detergent
fiber (ADF), and neutral detergent fiber (NDF) and are discussed in this section.
Calculated values of total digestible nutrients (TDN), digestible dry matter (DDM), dry
matter intake (DMI), and relative feed value (RFV) were based off laboratory results
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(Robinson et al., 1998) and can be found in Appendix B (Table B1-4). All results
reported in each table are based on a dry matter basis.

Crude Protein
Crude protein is a calculated value representing the nitrogen content of a particular
forage. Protein essentially contributes to energy, and provides amino acids for rumen
microbes as well as the animal itself. As protein increases, the need for supplemental
feeding decreases (Robinson et al., 1998).
For the first harvest of spring 2011 (Apr 10), Tekapo (15.1%) and Olympia
orchardgrass (15.1%) were the only entries significantly greater in mean percentage CP
than the test mean (13.0%; Table 15). For the Elymus entries, Canada wildrye (13.4%),
bottlebrush wildrye (13.9%), and southeastern wildrye (13.4%) all ranked in the same
class as the orchardgrass entries mentioned above. Bottlebrush wildrye was significantly
greater in mean CP than Virginia wildrye (11.8%) and slender wheatgrass (11.7%), but
not riverbank wildrye (12.2%), Omaha Virginia wildrye (12.4%), Icy Blue Canada
wildrye (13.2%), southeastern wildrye, nor Canada wildrye. The second harvest of 2011
(May 9) resulted in intermediate wheatgrass (15.3%) being significantly greater in mean
CP than the test mean (12.9%). For the Elymus entries, Virginia wildrye (14.1%) ranked
with intermediate wheatgrass. Virginia wildrye and Icy Blue Canada wildrye (13.9%)
were significantly greater than riverbank wildrye (12.3%), bottlebrush wildrye (12.5%),
and slender wheatgrass (12.4%), but not southeastern wildrye (13.2%), Canada wildrye
(13.3%), nor Omaha Virginia wildrye (13.7%). For the third harvest of the spring (Jun 8,
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2011), Tekapo orchardgrass (15.3%) and intermediate wheatgrass (15.2%) were
significantly greater in mean percentage CP than the test mean (12.9%). Among Elymus
entries, Icy Blue Canada wildrye (14.5%) ranked among the highest CP values, and was
significantly greater than all entries except; Virginia wildrye (13.1%). For the fall harvest
(Dec 12, 2011), none of the entries were significantly greater than the test mean (11.9%),
but four Elymus entries ranked with Tekapo orchardgrass (14.2%). They were Canada
wildrye (12.1%), Virginia wildrye (12.2%), Icy Blue Canada wildrye (13.0%), and
southeastern wildrye (13.4%). Among the Elymus entries, southeastern wildrye (13.4%)
was significantly greater in mean CP than riverbank wildrye (10.8%), Omaha Virginia
wildrye (10.8%), and bottlebrush wildrye (10.9%), but not slender wheatgrass (11.1%),
Canada wildrye, Virginia wildrye, nor Icy Blue Canada wildrye.
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10.8 h
12.9
1.3

13.4 abcde
12.2 de
13.9 abcd
11.8 e
13.2 cde
13.4 abcde
11.7 e
13.4 abcde
12.7 cde
13.4 bcde
11.7 e
15.1 ab*
15.1 a*
14.1 abc
12.4 cde
11.8 e
12.2 de
13.0
1.8

Elymus
Elymus
Elymus
Elymus
Elymus
Elymus
Elymus
Thynopirum
Dactylis
Dactylis
Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

Bottlebrush wildrye

Virginia wildrye

Southeastern wildrye

Slender wheatgrass

Intermediate wheatgrass

‘Potomoc’ orchardgrass

‘Pennlate’ orchardgrass

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Tukka’ timothy

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue
LSD

Riverbank wildrye

‘Icy Blue’ Canada wildrye

Test Mean

Canada wildrye

11.3 gh

10.3 h

12.7 cdef

13.9 b

13.7 bcde

12.2 fg

13.3 bcdef

13.3 bcdef

15.3 a*

12.4 efg

13.2 bcdef

13.9 bc

14.1 ab

12.5 defg

12.3 fg

13.3 bcdef

12.4 cde

13.7 bcd

May 9

Elymus

†

Apr 10

‘Omaha’ Virginia wildrye

Genus

2011

1.9

12.9

13.1 bcde

12.2 def

12.5 cdef

14.3 abc

15.3 a*

13.7 abcd

11.1 f

13.5 abcd

14.2 abc

15.2 a*

10.9 f

11.1 f

14.5 ab

13.1 bcde

11.5 ef

12.1 def

12.2 def

10.9 f

Jun 8

2.3

11.9

10.9 cde

9.3 e

9.9 de

12.6 abc

14.2 a

13.1 abc

11.3 bcde

14.0 a

12.8 abc

12.1 abcd

11.1 cde

13.4 ab

13.0 abc

12.2 abcd

10.9 cde

10.8 cde

12.1 abcd

10.8 cde

Dec 12

2.2

16.5

12.1 I

13.1 hi

13.9 ghi

17.9 abc*

15.8 defg

15.6 efgh

15.4 efgh

16.9 abcde

14.6 fgh

18.9 a*

16.8 bcdef

18.0 abc*

18.8 ab*

18.7 ab*

15.9 cdefg

17.7 abcd*

18.0 abc*

18.1 ab*

Mar 20

2.2

12.7

12.0 cde

10.6 e

11.9 cde

13.9 abc

13.5 abcd

12.3 bcde

13.4 abcd

12.8 abcd

11.4 de

13.2 abcd

12.4 bcde

12.4 bcde

14.9 a*

14.2 ab

11.7 de

11.9 cde

13.4 abcd

12.5 bcde

Apr 11

2012

1.7

12.9

13.5 bc

12.9 bcde

13.2 bc

13.2 bc

15.4 a*

13.5 bc

14.1 ab

13.1 bcde

11.9 cde

13.1 bcde

11.4 e

13.4 bc

12.6 bcde

12.5 bcde

11.4 de

12.8 bcde

13.1 bcd

11.8 cde

May 8

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

†

Entry

Crude protein (CP) analysis for the Mississippi Cool-Season Forage Variety Trial harvests conducted in 2011
and 2012.

Common Name

Table 15

In 2012, data from the first harvest (Mar 20) indicated that six of the eight Elymus
entries had a mean CP percentage greater than 17.7%, which was significantly greater
than the test mean of 16.5%. Intermediate wheatgrass (18.9%), Icy Blue Canada wildrye
(18.8%), and Virginia wildrye (18.7%) were significantly greater in mean percentage CP
than the test mean of 16.5%. Icy Blue Canada wildrye, Virginia wildrye, and Omaha
Virginia wildrye (18.1%) were significantly greater than bottlebrush wildrye (15.9%), but
not slender wheatgrass (16.8%), riverbank wildrye (17.7%), Canada wildrye (18.0%), nor
southeastern wildrye (18.0%) when comparing Elymus entries only. For the second
harvest of 2012 (Apr 11), Icy Blue Canada wildrye (14.9%) was the only entry
significantly greater in mean percentage CP than the test mean (12.7%). For the Elymus
entries, Icy Blue Canada wildrye and Virginia wildrye (14.2%) had significantly greater
CP than bottlebrush (11.7%) and riverbank wildrye (11.9%), but not southeastern wildrye
(12.4%), slender wheatgrass (12.4%), Omaha Virginia wildrye (12.5%), nor Canada
wildrye (13.4%). For the third and final harvest of 2012 (May 8), and the test, Tekapo
orchardgrass (15.4%) was significantly greater in mean percentage CP than the test mean
of 12.9%. For the Elymus entries, southeastern wildrye (13.4%) was significantly greater
in mean percentage CP than bottlebrush wildrye (11.4%) and slender wheatgrass (11.4%),
but not Omaha Virginia wildrye (11.8%), Virginia wildrye (12.5%), Icy Blue Canada
wildrye (12.6%), nor Canada wildrye (13.1%).
Sanderson et al. (2004b) evaluated nutritive content (CP, NDF, dNDF) on 15
wildrye accessions and 2 orchardgrass cultivars at three locations: Big Flats, NY, Rock
Springs, PA, and Beltsville, MD. Significant differences were found between Elymus and
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orchardgrass and among the Elymus accessions. Orchardgrass had lower concentrations
of CP than the Elymus entries. This was mainly because orchardgrass was more mature
(inflorescence emergence to full peduncle emergence) at harvest than wildrye (sheath and
internode elongation stages). Maturity differences were also observed in the Mississippi
trial. The Elymus entries, specifically Virginia and southeastern wildrye, were less
mature at each harvest when compared to the tall fescue and orchardgrass entries. For the
last harvest of each spring (Jun 8, 2011 and May 8, 2012), the tall fescue plots had
undergone jointing and seed development (less so with the orchardgrass entries), while
the wildrye entries were still vegetative. For the Jun 8, 2011 harvest in particular, wildrye
entries remained vegetative through the summer, while the tall fescue entries produced
seed. This phenomena was observed for the Wildrye Harvest Regime as well, which will
be discussed in the following sections. Inconsistencies were observed during nutritive
analysis in the Sanderson et al. (2004b) study, which was a result from tillering
differences among Elymus accessions and orchardgrass cultivars. Sanderson et al.
(2004b) found that orchardgrass produced more tillers than the wildrye accessions (not
measured in this study). Differences were also observed among wildrye accessions,
which was attributed to plant morphology, specifically leaf-to-stem ratio (LSR). Crude
protein was positively correlated with LSR (leaf to stem mass ratio). As leafy biomass
increased, so did CP. Mean CP values for all Elymus entries at Big Flats, Rock Springs,
and Beltsville were 19.6, 25.4, and 15.4%, respectively. These values were all higher
than those recorded for the Elymus entries in the Mississippi trial. Sanderson also noted
that CP concentrations varied within wildrye accessions. This was also experienced in
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the Mississippi trials, as significant differences were observed within Elymus entries for
each harvest in the Mississippi Cool-Season Forage Variety Trial. In another study,
Bosworth et al. (1985) recorded CP levels of Virginia wildrye grown in Auburn, AL at
three growth stages: vegetative, boot, and heading. Crude protein analysis for these
growth stages were 23.1, 18.8, and 6.8%, respectively. Mean CP percentages for Virginia
wildrye (unfertilized) planted at Mississippi State never rose above 18.7% in the coolseason trial. Both studies described here (Sanderson et al., 2004; Bosworth et al., 1985)
fertilized plots prior to planting, and following each harvest, resulting in higher quality
forage analyses. The Sanderson et al. (2004) study applied potassium (0-0-60) at 40 kg
K/ha in each spring, and 56 kg/ha of ammonium nitrate was applied in the spring and
after the second harvest for each year. For the Bosworth et al. (1985) study, plots were
limed (2240 kg/ha of dolomitic lime), and fertilized in the fall with 17 kg N, 19 kg of P,
and 42 kg K per ha, with another 45 kg N/ha applied in the winter growing season.

Neutral Detergent Fiber
Neutral detergent fiber is the fibrous portion of the plant consisting of:
hemicellulose, cellulose, and lignin. As NDF levels increase, voluntary feed intake
decreases. However, extremely low levels of NDF can cause acidosis and displaced
abomasum in livestock (Robinson et al., 1998).
For the first harvest (Apr 10) of the 2011 season, Omaha Virginia wildrye (46.9%)
and Canada wildrye (48.3%) were significantly lower in mean percentage NDF than the
test mean of 53.4% (Table 16). When comparing Elymus entries only, Omaha Virginia
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wildrye and Canada wildrye were significantly lower than all other entries except,
bottlebrush wildrye (50.1%). In the second harvest (May 9, 2011), Canada wildrye
(48.5%) was the only entry that was significantly lower in mean percentage NDF than the
test mean of 54.2%. Among the Elymus entries, Canada wildrye and Omaha Virginia
wildrye (49.9%), and slender wheatgrass (50.2%) were significantly less than Virginia
wildrye (57.3%), but not bottlebrush wildrye (54.4%), riverbank wildrye (55.0%), Icy
Blue Canada wildrye (55.3%), nor southeastern wildrye (55.6%). None of the entries for
the third (Jun 8, 2011) and fourth harvest (Dec 12, 2011) were significantly greater in
mean percentage NDF than the test means 51.2% and 47.8%, respectively. Significant
differences were observed the Elymus entries, however. For the Jun 8 harvest, Canada
wildrye (47.3%) and slender wheatgrass (47.3%) were significantly lower in mean
percentage NDF than Omaha Virginia wildrye (53.1%), Virginia wildrye (53.3%),
bottlebrush wildrye (53.4%), and southeastern wildrye (54.4%), but not Icy Blue Canada
wildrye (49.6%) nor riverbank wildrye (47.3%). In the fourth and final harvest of 2011
(Dec 12), bottlebrush wildrye (52.5%) was significantly greater in mean percentage NDF
than slender wheatgrass (46.5%), but none of the other native entries.
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58.2 ab
54.2
5.5

54.3 abc
49.6 cde
54.3 abc
53.4 abc
54.2 abc
53.4 abc
56.4 a
53.4
4.9

Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue

Test Mean

‘Tukka’ timothy

‘Kentucky-32' tall fescue

LSD

‘Profit’ orchardgrass

58.7 a

57.3 ab

54.7 abcde

53.2 bcdef

53.9 abcde

51.2 cdef

52.8 bcdef

55.9 abc

52.8 abcd

54.4 abcde

50.2 def

Dactylis

55.1 a

Elymus

Slender wheatgrass

55.6 abcd

‘Pennlate’ orchardgrass

55.5 a

Elymus

Southeastern wildrye

55.3 abcde

57.6 a

54.1 abc

Elymus

‘Icy Blue’ Canada wildrye

57.3 ab

Dactylis

53.7 abc

Elymus

Virginia wildrye

54.4 abcde

‘Potomoc’ orchardgrass

50.1 bcde

Elymus

Bottlebrush wildrye

55.0 abcde

54.9 ab

56.3 a

Elymus

Riverbank wildrye

48.5 f*

Thynopirum

48.3 de*

Elymus

Canada wildrye

49.9 ef

May 9

Intermediate wheatgrass

46.9 e *

Elymus

†

Apr 10

‘Omaha’ Virginia wildrye

Genus

Jun 8

4.5

51.2

52.4 abc

52.5 abc

51.9 abc

48.6 cd

51.4 abcd

53.1 ab

51.7 abcd

49.9 abcd

51.7 abcd

49.9 abcd

47.3 d

54.4 a

49.6 bcd

53.3 ab

53.4 ab

48.9 bcd

47.3 d

53.1 abc

2011

5.9

47.8

49.3 abc

47.8 abcd

47.5 abcd

43.2 d

46.8 abcd

48.2 abcd

47.1 abcd

44.5 cd

46.9 abcd

46.4 bcd

46.5 bcd

47.3 abcd

48.9 abcd

50.9 ab

52.5 a

50.3 abc

48.7 abcd

48.9 abcd

Dec 12

2.0

52.2

53.5 abc

51.7 cdefg

53.7 ab

52.1 bcdef

54.4 a

52.5 abcdef

52.9 abcde

52.6 abcdef

53.8 ab

50.8 fg

53.1 abcd

50.9 fg

50.9 efg

50.2 g*

50.0 g*

52.2 bcdef

52.4 bcdef

51.5 defg

Mar 20

2.8

57.9

60.8 a

58.1 abcdef

60.3 abc

58.3 abcde

57.6 cdef

57.4 def

56.0 def

57.9 abcdef

58.7 abcd

57.6 cdef

57.8 bcdef

55.5 f

60.4 ab

57.7 bcdef

56.9 def

57.9 abcdef

57.1 def

55.9 ef

Apr 11

2012

3.5

58.3

59.0 abc

55.9 c

57.5 abc

57.6 abc

58.0 abc

57.5 abc

57.1 bc

58.0 abc

56.1 bc

57.6 abc

58.9 abc

59.1 abc

59.5 ab

59.5 ab

59.5 ab

60.6 a

58.4 abc

58.9 abc

May 8

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly less than test mean.

†

Entry

Neutral detergent fiber (NDF) analysis for the Mississippi Cool-Season Forage Variety Trial harvests
conducted in 2011 and 2012.

Common Name

Table 16

Generally, higher mean percentage NDF results were observed for the 2012
harvests. For the first harvest (Mar 20, 2012), bottlebrush wildrye (50.0%) and Virginia
wildrye (50.2%) were significantly lower than the test mean of 52.2%. Among the native
entries, Virginia wildrye and bottlebrush wildrye were significantly lower than riverbank
wildrye (52.2%), Canada wildrye (52.4%), and slender wheatgrass (53.1%), but not Icy
Blue Canada wildrye (50.9%), southeastern wildrye (50.9%), nor Omaha Virginia wildrye
(51.5%). For the remaining two 2012 harvests (Apr 11 and May 8), no entry was
significantly lower than the test mean. However, significant differences were experienced
within the Elymus entries for the second harvest (Apr 11, 2012). Southeastern wildrye
(55.5%) was significantly lower in mean percentage NDF than Icy Blue Canada wildrye
(60.4%), but none of the other native entries. No differences were noted among the
Elymus species during the May 8, 2012 harvest.
The Sanderson et al. (2004b) study previously mentioned in the CP section of this
manuscript also evaluated NDF percentages comparing Virginia wildrye accessions and
orchardgrass. Orchardgrass was later in maturity upon harvest compared to wildrye,
resulting in poorer quality analysis for the wildrye. Within Elymus accessions, NDF
concentrations varied in the Sanderson study, as with the Mississippi State trial.
Sanderson noted that the commercial ecotype Omaha had higher NDF concentrations
than the accessions collected from Maryland and Vermont. Differences were observed
within Elymus entries for the Mississippi trial. However, data analysis did not result in
differences that set commercial ecotypes apart from local accessions. This proves that no
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intensive selection pressure was placed on the commercial ecotypes that would
differentiate these cultivars from local accessions.

Acid Detergent Fiber
Acid detergent fiber is a sub-fraction of NDF, and primarily consists of lignin and
cellulose. This analysis represents plant material that does not dissolve in an acid
detergent solution. As ADF increases, forage quality declines (Robinson et al. 1998).
Mean percentage ADF values were lower than 40% for all entries, harvests, and years
(Table 17). Only one entry, Tukka timothy, was significantly lower than the test mean for
any harvest in both years. This occurred in the third harvest of 2011 (Jun 8) when this
entry had a mean ADF of 26.7%, which was significantly lower than the test mean of
29.2%.
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31.1 bc
31.6 bc
34.7 ab
32.6 bc
31.2 bc
32.3

Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

‘Tekapo’ orchardgrass

‘Tukka’ timothy

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue

31.9 abcd

33.1 abc

31.2 bcde

30.5 de

30.6 de

29.5 e

29.2

28.6 bcde

30.4 abcd

30.0 abcd

26.7 e*

28.4 cde

28.3 cde

30.7 abc

28.2 cde

29.0 bcde

29.7 abcd

29.1 bcde

31.9 a

27.1 e

30.9 ab

30.5 abcd

28.6 bcde

27.9 de

30.3 abcd

Jun 8

25.0

24.8 abcde

24.3 bcde

24.4 abcde

24.4 abcde

23.9 bcde

23.7 cde

23.5 de

22.7 e

24.6 abcde

25.2 abcde

24.8 abcde

24.7 abcde

25.1 abcde

26.8 abc

27.6 a

26.0 abcd

25.9 abcd

27.1 ab

Dec 12

28.2

28.8 abcd

28.8 abcd

28.9 abcd

27.8 bcdef

29.6 ab

28.7 abcde

28.0 abc

28.0 abcdef

29.6 ab

26.9 def

27.8 bcdef

26.7 ef

27.9 bcdef

26.2 f

29.9a

27.3 cdef

27.9 bcdef

27.1 cdef

Mar 20

LSD
4.2
2.3
2.6
3.2
2.1
Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly less than test mean.

†

32.3

30.1 c

Dactylis

‘Olympia’ orchardgrass

Test Mean

31.6 abcde

33.9 abc

Dactylis

‘Profit’ orchardgrass

31.4 abcde

33.2 ab

31.9 bc

31.9 abcd

33.5 a

Dactylis

36.8 a

Elymus

Slender wheatgrass

32.1 abcd

‘Pennlate’ orchardgrass

31.5 bc

Elymus

Southeastern wildrye

31.4 abcde

33.7 abc

32.9 abc

Elymus

‘Icy Blue’ Canada wildrye

31.1 bcde

Dactylis

33.2 abc

Elymus

Virginia wildrye

33.1 abc

‘Potomoc’ orchardgrass

31.8 bc

Elymus

Bottlebrush wildrye

32.9 abc

33.3 abc

33.5 abc

Elymus

Riverbank wildrye

30.9 cde

Thynopirum

32.0 bc

Elymus

Canada wildrye

29.9 de

May 9

2011

Intermediate wheatgrass

31.9 bc

†

Apr 10

Elymus

Genus

‘Omaha’ Virginia wildrye

Common Name

Entry

3.4

35.3

35.5 abc

34.5 bc

34.6 bc

34.7 abc

35.0 abc

35.9 abc

35.0 abc

35.5 abc

38.0 a

35.4 abc

35.5 abc

34.3 bc

36.0 abc

33.4 c

34.9 abc

37.4 ab

34.3 bc

35.0 abc

Apr 11

2012

3.9

36.1

36.9 abc

35.2 abc

35.3 abc

34.9 abc

35.3 abc

37.2 abc

36.4 abc

37.9 ab

38.7 a

36.9 abc

37.0 abc

35.7 abc

35.3 abc

33.8 c

35.8 abc

37.2 abc

34.7 bc

36.3 abc

May 8

Table 17 Acid detergent fiber (ADF) analysis for the Mississippi Cool-Season Forage Variety Trial harvests conducted in 2011
and 2012.

When assessing the Elymus entries only, significant differences were observed.
For the first harvest of 2011 (Apr 10), southeastern wildrye (31.5%), bottlebrush wildrye
(31.8%), Omaha Virginia wildrye (31.9%), and Canada wildrye (32.0%) were
significantly lower in mean percentage ADF than slender wheatgrass (36.8%), but not
Virginia wildrye (33.2%), Icy Blue Canada wildrye (32.9%), nor riverbank wildrye
(33.5%). For the second harvest of 2011 (May 9), Omaha Virginia wildrye (29.9%),
Canada wildrye (30.9%), and Virginia wildrye (31.1%) ranked with Profit orchardgrass
(29.5%), and were significantly lower in mean percentage ADF than slender wheatgrass
(33.5%), but not Icy Blue Canada wildrye (31.4%), southeastern wildrye (32.1%),
riverbank wildrye (32.9%), nor bottlebrush wildrye (33.1%). Slender wheatgrass ranked
among the highest ADF values (poor quality) for this harvest. Among Elymus entries for
the third harvest of 2011 (Jun 8), Icy Blue Canada wildrye (27.1%) was significantly
lower in mean percentage ADF than Omaha Virginia wildrye (30.3%), bottlebrush
wildrye (30.5%), Virginia wildrye (30.9%), and southeastern wildrye (31.9%), but not
Canada wildrye (27.9%), riverbank wildrye (28.6%), nor slender wheatgrass (29.1%).
While some entries ranked with the best entry (Pennlate orchardgrass; 22.7%), large
variance around entry means made clear demarcations impossible.
For 2012, significant differences were observed for the first (Mar 20) and second
harvest (Apr 11). For the first harvest, all Elymus entries were significantly lower in
mean percentage ADF than bottlebrush wildrye (29.9%). For the second harvest, Virginia
wildrye (33.4%) was significantly lower in mean percentage ADF than riverbank wildrye
(37.4%), but none of the other native entries. In the final harvest, no significant
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differences were observed among Elymus, but Virginia wildrye (33.8%) was lower than
two domestic entries: Pennlate (37.9%) and Potomoc orchardgrass (38.7%).
Unlike the discussion following CP and NDF analysis with the Sanderson et al.
(2004b) study, no comparisons can be made concerning ADF analysis with any other
literature for the wildrye entries used in this study. Results achieved for the orchardgrass,
tall fescue, and timothy entries, however, are consistent with those found in literature.
Warren and others (1974) used orchardgrass hay with ADF values ranging from 35-40%
for steer rationing. Acid detergent levels for Kentucky-31 ranged from 28-34% planted in
Mt. Vernon, MO (Kallenbach et al. 2003). The mean timothy ADF value recorded by
Orozco-Hernandez et al. (1887) used for dairy cow feed supplementation was 27.5%.

Wildrye Forage Trial
Quality analysis was the only data taken for this study in order to measure
forage quality progressively through the season. Eight entries of wildrye along with one
entry of tall fescue, Kentucky-31, were assessed. There was only one harvest for the 2011
season due to seedling establishment during the spring of 2011. As with the cool-season
forage variety trial, CP, ADF, and NDF will be discussed in the text, while calculated
values (TDN, DDM, DMI, and RFV) are recorded in Appendix C (Table C1-4).
Significant differences were observed for each character within each harvest, therefore
results will be reported by harvest.
For the only 2011 harvest (Jun 12), all entries were higher in CP than southeastern
wildrye (15.4%; Table 18). Canada wildrye (20.7%) and Icy Blue Canada (19.9%)
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wildrye were significantly higher in mean CP value than Omaha Virginia wildrye
(17.6%), and Kentucky-31 tall fescue (18.4%), but not riverbank wildrye (19.4%),
bottlebrush wildrye (19.4%), nor Virginia wildrye (19.4%; Table 18.). During the same
harvest, Kentucky-31 (43.4%) had a significantly lower NDF than all other entries, and
southeastern wildrye (52.9%) had the greatest mean percentage NDF. Mean percentage
ADF of Kentucky-31 (19.9%) was significantly lower than all other entries. Southeastern
wildrye (29.4%) had the highest percentage ADF.
For 2012, three harvests were conducted. At the first harvest (Mar 20) CP analysis
indicated southeastern wildrye (15.7%) and Kentucky-31 tall fescue (15.8%) were
significantly lower than all entries except, bottlebrush wildrye (17.6%). Mean percentage
NDF results showed Omaha Virginia wildrye (50.5%) as being significantly lower than
all other entries. Kentucky-31 tall fescue (59.4%) and southeastern wildrye (59.2%) were
higher than Virginia wildrye (55.5%), riverbank wildrye (55.7%), and bottlebrush wildrye
(53.7%). As for ADF, Omaha Virginia wildrye (33.0%) was significantly lower than
Canada wildrye (37.9%). All other entries fell into both categories.

115

116

†

19.4 bc 27.1 bcd 49.9 b

43.4 c
48.3

19.4 bc 28.0 b

19.9 ab 26.9 cd

1.0

15.4 e
18.4 cd 19.9 e
26.7

19.4 b

18.8
1.0

Bottlebrush wildrye

Virginia wildrye

‘Icy Blue’ Canada wildrye

Southeastern wildrye

‘Kentucky-31' tall fescue

Test Mean

LSD

2.7

52.9 a

47.6 b

47.3 b

47.7 b

3.0

19.1

15.8 c

15.7 c

21.2 a

22.2 a

17.6 bc

20.3 ab

57.6 ab

50.5 d

NDF

17.2 a

11.5 c

12.5 bc

15.1 ab

13.8 bc
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4.1

35.1

2.8

56.1

35.7 ab 59.4 a

35.4 ab 59.2 a

2.9

14.4

14.0 bc

13.5 bc

34.2 ab 56.7 abc 17.3 a

33.9 ab 55.5 bc

34.9 ab 53.9 c

35.7 ab 55.7 bc

37.9 a

33.0 b

ADF
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40.0

39.6 a

40.5 a

39.3 a

39.6 a

41.0 a

39.4 a

40.7 a

39.1 a

ADF

3.3

54.0

56.6 a

55.9 ab

55.1 abc

55.9 ab

52.0 cd

51.5 d

52.9 bcd

52.1 cd

NDF

32.4 d

ADF

2.1

15.3

15.1 ab

14.5 b

16.8 a

17.1 a

13.5 b

2.5

34.9

33.5 cd

36.4 ab

32.2 d

32.9 cd

38.5 a

15.5 ab 35.5 bc

15.3 ab 37.9 ab

14.7 b

CP

May 8
NDF

3.1

57.5

56.8 ab

58.2 ab

57.5 ab

56.9 ab

59.7 a

57.7 ab

57.1 ab

55.9 b

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.

29.4 a

26.5 d

19.6 ab

CP

49.1 b 20.0 ab

Riverbank wildrye

27.7 bc

20.7 a

48.6 b

NDF

Canada wildrye

27.9 b

ADF

17.6 d†

CP

‘Omaha’ Virginia wildrye

Entry

Apr 11

Jun 12

Mar 20

2012

2011

Table 18 Crude protein (CP), acid detergent fiber (ADF), and neutral detergent fiber (NDF) analysis for the Wildrye Forage Trial
conducted in 2011 and 2012.

The second harvest (Apr 11) of 2012 resulted in Virginia wildrye (17.2%) and Icy
Blue Canada wildrye (17.3%) having greater mean percentage CP than all other entries
except Canada wildrye (15.1%). Neutral detergent fiber analysis resulted in riverbank
wildrye (51.5%) as being significantly lower in mean percentage NDF than Icy Blue
Canada wildrye (55.1%), Virginia wildrye (55.9%), southeastern wildrye (55.9%), and
Kentucky-31 tall fescue (56.6%), which was the highest. It was not different from
bottlebrush wildrye (52.0%), Omaha Virginia wildrye (52.1%), nor Canada wildrye
(52.9%). No significant differences were observed among the entries for ADF in the
second harvest.
Results from the third harvest, (May 8) of 2012, resulted in mean percentage CP
levels remaining high from an unfertilized forage perspective. Icy Blue Canada wildrye
(16.8%) and Virginia wildrye (17.1%) were significantly higher in CP than bottlebrush
wildrye (13.5%), southeastern wildrye (15.4%), and Omaha Virginia wildrye (14.7%), but
not Kentucky-31 tall fescue (15.1%), Canada wildrye (15.3%), or riverbank wildrye
(15.5%). Mean percentage NDF results showed Omaha Virginia wildrye (55.9%) as
being significantly lower than bottlebrush wildrye (59.7%), but statistically equivalent to
the rest of the entries. For mean percentage ADF, Icy Blue Canada wildrye (32.2%) and
Omaha Virginia wildrye (32.4%) were significantly lower than riverbank wildrye
(35.5%), southeastern wildrye (36.4%), Canada wildrye (37.9%), and bottlebrush wildrye
(38.5%), but not Virginia wildrye (32.9%) nor Kentucky-31 tall fescue (33.5%).
Forage analysis results from the Wildrye Forage Trial were somewhat better in
quality (CP, NDF, ADF) than those recorded for the Mississippi Cool-Season Forage
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Variety Trial. Harvested plots for the Wildrye Forage Trial were pure stands for each
entry; no weedy biomass had accumulated in the plots. Seedlings were used to establish
these plots, therefore weed competition was kept to a minimum. The larger Cool-Season
Forage Variety Trial was established with seed, and harvested more frequently than the
Wildrye Forage Trial. Due to the lack of stand persistence in the cool-season trial, weedy
competition [henbit (Lamium amplexicaule L.), carpetweed (Mollugo verticillata L.), and
prostrate pigweed (Amaranthus albus L.)] slowly encroached into plots. Weed presence
can be a contributing factor to decreased forage quality (Burns and Fisher, 2010).
Therefore the slight increase in quality for the Wildrye Forage Trial can be attributed to a
lower, or non-existent, weed fraction present in the samples ground for analysis.

Harvest Regime Trial
The harvest regime trial was established at the R.R. Foil Plant Science Research
Center on the campus of Mississippi State University, Mississippi State, MS in the fall of
2010. Four 3.0 m rows per treatment were planted with 100 southeastern wildrye seed
(harvested from land race established from local collections) on Sep 2, 2010.
Accumulated biomass from the first 7 months of growth was harvested at 8 cm for the
first time on Apr 4, 2011 (cleaning harvest - all treatments and replications had equal
heights). Trials were then harvested according to their treatment (number of days
between successive harvests). Data taken from each plot included DM yield and forage
quality. Like the previous two studies, CP, NDF, and ADF are discussed within the text,
while TDN, DDM, DMI, and RFV can be found in Appendix C (Table C1-4).
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Yield
Effects of harvest interval on yearly forage production cumulative yields were
compared across treatments. Statistical differences were observed for harvest year and
harvest interval, therefore results were separated by year (Table 19). During the first year
of harvests (2011), cumulative yield was affected by harvest interval. Yield was greatest
for the 80-d treatment (2.9 Mg/ha), which was significantly greater than all other
treatments. In 2012, treatment differences were again observed as the 60-d treatment (2.2
Mg/ha) was significantly less in mean DM yield than the 80-d (3.4 Mg/ha) and 40-d (3.4
Mg/ha) treatments, but not the 30-d (3.0 Mg/ha) nor the 20-d (2.6 Mg/ha) treatments.
Within treatments across years, interactions were observed for the 20, 30, and 40-d
treatments. For the 20, 30, and 40-d treatments, the second year (2012) harvests
generated significantly greater cumulative DM yields than the first year (2011). The 20-d
treatment in 2012 had 2.6 Mg/ha of cumulative dry matter, while the first year cutting
only had 1.2 Mg/ha. For the 30-d treatment, the 2012 harvest produced a cumulative
yield of 3.0 Mg/ha, with the 2011 harvest generating only 1.7 Mg/ha. Finally, for the 40d harvest, 3.4 Mg/ha of dry matter was significantly greater than the 2011 cumulative
yield of 1.4 Mg/ha. While the 60 and 80-d harvest intervals were not significantly greater
in 2012, they were numerically greater.
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Table 19

Effect of harvesting frequency and year on cumulative annual whole plot
yield (Mg/ha) from southeastern wildrye (Elymus glabriflorus) plots
established Sep 2, 2010, in their first or second harvest year (2011 and
2012).
First harvest year (2011)

Frequency

Second harvest year (2012)

Mg DM/ha

80 d (2‡)

2.9 a† A*

3.4 a A

60 d (2)

1.4 b A

2.2 b A

40 d (3)

1.4 b B

3.4 a A

30 d (4)

1.7 b B

3.0 ab A

20 d (5)
1.2 b B
2.6 ab A
Days between successive harvests with number of harvest per season in parentheses.
†
Lower case letter following mean denotes differences between means within a column.
Means separated by Tukey’s LSD at p # 0.05.
*Upper case letter denotes differences between means within a row. Means separated by
Tukey’s LSD at p # 0.05.

‡

Lower forage yields observed in 2011 with shortening of harvest intervals reflected
plant’s ability to regrow following removal of biomass. This was likely due to stand age
and maturity. Typical recommendations for any native grass management require an
establishment period of 1 yr before harvest or grazing can be utilized in order to promote
axillary tiller growth and crown development (Briske, 1986). Perry and Chapman (1975)
studied the effects of clipping frequency on yield for Basin wildrye for three successive
years. Severe declines were experienced for each successive year following clipping,
suggesting that grazing of this grass should be limited to early spring only. Basin wildrye
tends to be very sensitive to clipping any time during the growing season, particularly the
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boot stage of development. They suggest that management of Basin wildrye stands
should require only 50% of the herbage to be removed and that plants should only be
grazed prior to boot stage of development. Contrary to Perry and Chapman (1975), the
trials conducted at Mississippi State on southeastern wildrye did not experience declines
in dry matter yields for successive yields, regardless of harvest frequency. Frequent
clipping may have stimulated axillary tillering (not measured) similar to fescue (Briske,
1986; Assuero and Tognettit, 2010). However, management recommendations for Basin
wildrye, along with other native perennial grasses, should be taken into consideration.
Establishment year grazing should be light, if conducted at all, in order to promote
tillering and root development.
Defoliation (harvest), whether by grazing animals or mowing machines, reduces
leaf area of all species, thereby decreasing light interception and photosynthesis potential
(Temu, 2011). Mechanisms for withstanding defoliation have been observed
morphologically as shoot biomass, leaf area, tiller density, and leaf to stem ratio (Murphy
and Briske, 1992). Depending on species compensatory mechanisms, post-defoliation
growth responses may result in variable net biomass gains. Frequent defoliation generally
reduces forage yields relative to plants that are defoliated infrequently or not at all
(Volenec and Nelson, 1983). The intensity and spread of defoliation over the plant’s
canopy through simulated or actual grazing (Marquis, 1996), or combined effects of these
responses (Temu, 2011) can lead to eventual change in stand composition. All entries
recorded lower heights in 2012 than 2011, with defoliation events occurring roughly
every 30-d during the spring. This is not surprising because defoliated plant’s primary
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sink (especially when robbed of, or replenishing nutrients are not available) for
carbohydrates to restore photosynthetic capabilities is the leaf (Briske, 1986).

Forage Quality
Forage quality was assessed within treatments, harvest date, and years. Significant
interactions were observed within treatments and between years, therefore data will be
broken down into harvests, and then by treatment within each year. All harvested
samples were compared to each other along with a control (two random plants were cut
for each harvest per row, per year). Because harvest frequency differed, second, third,
fourth and fifth harvest dates differed. Calculated values (TDN, DDM, DMI, and RFV)
are recorded in Appendix D (Table D1-4).

Crude Protein
No significant differences were observed for the cleaning (Apr 4) harvest of 2011
(Table 20). In the second harvest of 2011, the 20-d (14.2%) treatment was significantly
greater in mean percentage CP than all other treatments, followed by the 30-d (10.5%).
Both were significantly greater than all the remaining regimes which were equal to the
control (7.3%). Third harvest results showed the 20-d (15.9%) treatment had a higher CP
value than all other treatments harvested. For the fourth harvest, the 20-d treatment was
significantly greater than the 30-d (8.9%), which was significantly greater than the control
(5.9%). The fifth and final harvest of 2011 resulted in the 20-d (13.3%) treatment having
significantly greater mean CP percentage than the control (3.8%).
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12.5 aA
14.8 aA
13.6 aA
14.6 aA

60 d (2)

40 d (3)

30 d (4)

20 d (5)

15.9 a

7.4 cD

9.8 bB

3rd

13.9 aB

8.9 bC

4th

13.3 aB

5th

% CP
3rd

16.9 cA 11.0 cB

10.5 dB

8.1 dB

2nd

4th

13.1 bE

5th

22.5 aA 20.0 aB 17.5 aC 15.4 aD

11.7 bcC 19.3 bA 13.9 bB 11.5 bC

10.5 cB

13.6 bA

11.9 bcA

1st

Second harvest year (2012)

¶

Control was harvested by selecting two plants within each row. These same plants would not be harvested again until the
following year.

First (cleaning) harvest dates were Apr 4, 2011 and Mar 20, 2012. Subsequent harvests were conducted from these dates based
on harvest treatment intervals.

§

Control§
14.1 aA
7.3 cdB 7.8 bcB 5.9 cB
3.8 bC 17.6 aA 11.4 dB 8.9 dC 7.7 cC 3.5 bD
‡
Days between successive harvests with number of harvests per season in parentheses.
†
Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p
# 0.05.
*Upper case letter within a row denotes differences between means within the year. Means separated by Tukey’s LSD at p #
0.05.

14.2 aA

10.5 bB

8.0 cB

6.9 cdB

14.2 a†A* 5.9 dB

2nd

80 d (2‡ )

1st¶

First harvest year (2011)

Effect of harvesting frequency on forage quality based on crude protein (CP) percentages from southeastern
wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

Frequency

Table 20

Comparisons were also made within each treatment for each year. Beginning with
the control, mean percentage CP decreased as the season progressed, as was expected.
The first harvest (14.1%) was significantly greater in mean CP percentage than the second
(7.3%), third (7.8%), and fourth (5.9%) harvests, which were greater than the fifth (3.8%)
harvest. The 20-d treatment resulted in the first (14.6%), second (14.2%), and third
(15.9%) harvests being significantly greater in mean CP percentage than the fourth
(13.9%) and fifth harvest (13.3%), which were the same. The 30-d treatment mean
percentage CP values decreased significantly for each harvest; being led by the first
(13.6%) and second (10.5%) harvest, but the fourth (8.9%) harvest was higher in CP than
the third (7.4%) harvest. In the 40-d treatment, the first (14.8%) harvest was significantly
greater than the second (8.0%) and third (9.8%) harvests, which were the same. The 60
and 80-d treatments resulted in the same significance pattern, with the first harvest having
higher mean CP percentages than the second harvest (60-d 12.5 vs. 6.9% and 80-d 14.2
vs. 5.9%, respectively).
In the 2012 season, the harvest regime was conducted earlier in the year (cleaning
harvest conducted on Mar 20) due to warmer winter temperatures, thus increasing soil
temperatures and stimulating vegetative growth. Results for the first (cleaning) harvest
were different from the 2011 results where no differences were found. In 2012, the
control (17.6%) was significantly greater in mean percentage CP than all other treatments.
This was followed by the 20-d (13.1%) and 60-d (13.6%) which were significantly higher
in CP than the 40-d (10.5%), but not the 30-d (11.7%) nor 80-d (11.9%). Data from the
second harvest indicated the 20-d (22.5%) treatment had significantly higher mean CP
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percentages than all other treatments. This was followed by the 30-d (19.3%) treatment,
which was higher in CP than the 40-d (16.9%), which in turn, was significantly greater
than the 80 (8.1%) and 60-d (10.5%) treatment, and control (11.4%). The third harvest
results indicated significant differences between each treatment. The 20-d (20.0%)
treatment was greater in mean CP percentages than all other treatments, followed by the
30 (13.9%) and 40-d (11.0%) treatments, ending with the control (8.9%) as having the
lowest value of all treatments for the third harvest. The same pattern was experienced in
the fourth and fifth harvest regimes. In the fourth harvest, the 20-d (17.5%) treatment
was significantly greater than the 30-d (11.5%) treatment, which was greater than the
control (7.7%). The fifth and final harvest of the 2011 season resulted in the 20-d
(15.4%) treatment having a higher mean percentage CP value than the control (3.5%).
Like 2011, differences were observed within treatments for the 2012 harvest
season. Under the control treatment, mean percentage CP again decreased as the season
progressed, with the first harvest (17.6%) having significantly greater means than all
subsequent harvests; the second (11.4%) harvest was higher than the third (8.9%) and
fourth (7.7%) harvests, which in turn were higher than the fifth (3.5%) harvest. For the
20-d treatment, or 5-cut system, the second harvest (22.5%) recorded the highest mean
CP percentage. Levels of significance separated the remaining harvests ranking from
highest to lowest; third (20.0%), fourth (17.5%), fifth (15.4%), and first (13.1%). The 30d, or 4-cut regime, experienced a similar pattern as the 20-d treatment, with the second
harvest (19.3%) had the highest CP values. The third (13.9%) harvest was greater than
the fourth (11.5%) and first (11.7%). Under the 40-d treatment, the highest mean
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percentage CP value was recorded for the second harvest (16.9%), which was greater than
the first (10.5%) and third (11.0%) harvests. Finally, for the two, 2-cut systems: (60 and
80-d), the expected higher CP percentages are observed. The first (13.6%) harvest for the
60-d treatment was significantly greater than the second (10.5%) harvest, and for the 80-d
treatment, the first (11.9%) harvest was significantly greater than the second (8.1%)
harvest in mean percentage CP.
Grasses are prompted by changes in temperature and photoperiod into reproductive
growth phase which reduces leaf:stem ratio of the biomass (Beaty and Engel, 1980). Late
season harvests, when compared to early season, plants had reduced leaf:stem ratios and
as a result, had lower CP concentrations (Temu, 2011). Harvests should, therefore be
conducted early in the season ending in mid-May before CP content falls below minimum
dietary requirements for livestock. These nutritional characteristics vary with stage of
production, size of animal, and expected performance of cattle (Parrish, 2009), but ranges
from 7-13% (NRC, 1984). Only two harvests resulted in CP concentrations dropping
lower than the recommended amount. These occurred under the 60 and 80-d regimes for
2011 where levels dropped to 5.9 and 6.9%, respectively. Longer harvest intervals
allowed plants to translocate nutrients from senescent leaves to the crown and roots for
storage or leaching into the soil (Lyons et al., 1996). Plant cell walls become increasingly
lignified to provide support for inflorescence, which facilitates light interception and
pollination, resulting in less nutritious biomass (Temu, 2011). As the leaf:stem ratio
decreases, the proportion of senesced leaves also increases (Griffin and Jung, 1983). In
order to maintain the correct ratio, and higher CP concentrations, managers should
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defoliate frequently enough to prevent reproductive conversion processes to begin. For
southeastern wildrye, a shorter (< 40-d) interval is recommended for this maintenance.

Neutral Detergent Fiber
As with CP, analysis for NDF within each harvest was analyzed for the 2011
growing season. In the first cutting of 2011 (Apr 4), the control (42.1%) was significantly
lower in mean percentage NDF than the 60 (45.1%) and 80-d (45.4%) treatments, but not
the 40 (43.9%), 20 (44.1%), nor 30-d (44.4%) treatments (Table 21). For the second
harvest of 2011, all treatments were significantly lower than the 60 (59.6%) and 80-d
(61.7%) treatments, with the control (51.1%) being the lowest numerically. Results from
the third harvest of 2011 showed no significant interaction within the harvest. The
control (56.0%) again had the lowest value numerically. For the fourth harvest of 2011,
the 20-d (58.3%) treatment was significantly lower than the 30-d (65.2%) treatment, but
not the control (54.9%). Under the fifth and final harvest of 2011, no significant
differences were observed between the 20-d (62.8%) treatment and control (61.0%).
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following year.
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Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p
# 0.05.
*Upper case letter within a row denotes differences between means within the year. Means separated by Tukey’s LSD at p #
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¶
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Effect of harvesting frequency on forage quality based on neutral detergent fiber (NDF) percentages from
southeastern wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

†

‡

Frequency

Table 21

Significant interactions among treatments were observed for the 2011 growing
season. For the control, the first (42.1%) harvest was significantly lower in mean
percentage NDF than all other harvests taken on the control. This was followed by the
second (52.1%) harvest, which was higher than the third (56.0%) and fourth (54.9%)
harvests, which in turn were higher than the fifth (61.0%) harvest. Under the 20-d
harvest regime, NDF values were significantly lower for the first (44.1%) harvest. The
second (55.7%) harvest was significantly higher than the fourth (58.3%) and fifth (62.8%)
harvests, but not the third (57.3%) harvest. The fourth harvest was significantly higher in
mean NDF percentages than the fifth harvest. Significant interactions were observed
between each harvest for the 30-d treatment. The lowest mean was recorded for the first
(cleaning; 44.4%) harvest, followed by the second (55.3%), third (58.5%), and fourth
(62.5%). The first (43.9%) harvest for the 40-d treatment was significantly lower than the
other two harvests for that treatment (56.6% for second and 58.6% for third). For the
two, 2-cut systems, the first harvest resulted in significantly lower mean NDF values than
their second harvest (60-d 45.1% vs. 59.6%; 80-d 45.4% vs. 61.7%).
Analysis comparing treatments within each harvest for the 2012 growing season
was compared next. For the first harvest of 2012 (Mar 20), the control (56.6%) was
significantly lower than all other treatments, with the 20 (55.7%), 60 (57.7%), 80
(58.3%), and 30-d (59.1%) treatments being higher than the 40-d (60.7%) treatment. The
second harvest resulted in the 20-d (48.1%) treatment being significantly lower in mean
NDF than all other treatments. The 40-d (57.5%) was lower than the 80-d (67.2%) and
control (58.0%), but not the 30 (54.3%) or 60-d (61.1%). Under the third harvest, the 20129

d (53.0%) treatment was significantly lower than the all other treatments, followed by the
30-d (61.6%) and control (60.9%) being higher than the 40-d (65.5%) treatment.
Rankings for the fourth harvest had the 20-d (59.9%) ranking higher in mean percentage
NDF values than the control (66.3%), which in turn was higher than the 30-d (64.9%)
treatment. Final (fifth) harvest analysis for the 2012 season resulted in the 20-d (62.1%)
treatment having a significantly lower mean NDF value than the control (70.8%).
Significant interactions were again observed for mean percentage NDF values
within treatments for the 2012 season. Beginning with the control, the initial (cleaning)
harvest (56.6%) was significantly lower in mean percentage NDF than all other harvest
dates. This was followed by the second (58.0%) and third (60.9%) harvests, which were
significantly higher than the fourth (66.3%), and fifth (70.8%) harvest. The shortest
harvest interval, 20-d, experienced its lowest mean percentage NDF for the second
harvest (48.1%), which was significantly lower than all other harvest dates. Neutral
detergent fibers rose significantly for each subsequent harvest (following second harvest):
third (53.0%), fourth (59.9%), and fifth (62.1%). The same pattern for the 20-d treatment
was experienced with the 30-d treatment. Mean percentage NDF values were lowest at
the second cutting (54.3%), which was followed by the first cutting (59.1%). Subsequent
harvests rose in significance with the third (61.6%) being followed by the fourth (64.9%)
in mean NDF percentages. The 40-d treatment resulted in the first (60.7%) and second
(57.5%) harvests having significantly lower mean NDF percentages than the third
(65.5%) harvest. Under the 60-d treatment, no significant differences were observed
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between harvests. Finally, for the 80-d, 2-cut treatment, the first harvest (58.3%) was
significantly lower than the second (67.2%) harvest in mean NDF percentages.
Discussion regarding wildrye and tall fescue NDF concentrations were stated
previously in the section Mississippi Cool-Season Forage Variety Trial. A majority of the
values received from analysis in this study fall into the “good” category as described by
Weiss and others (2010) where NDF percentages for higher quality forages ranges from
55-60%. Poorer quality forage grasses will have scores from 70-80%. Values where
NDF percentages that were greater than 60% occurred in the final harvests for all
treatments and years except the third harvest for the 40-d treatment in 2011 (58.6%).
Increased NDF concentrations was experienced for mature plants as more reproductive
tillers with greater proportions of structural carbohydrates were accumulated (Wilson and
Hatfield, 1997). This leads to lower forage quality and weight gains in livestock, as NDF
content is inversely related to voluntary DM intake by animals (Ball et al., 2007). In this
study, NDF values for the 20 and 30-d intervals were close to the minimum acceptable
cutoff of 60% for quality hay. These harvest intervals also met CP requirements. Temu
(2011) observed similar results in harvesting native warm-season grasses: later harvest
dates with longer intervals between harvests produced higher NDF values and lower CP
content. As with CP, the recommendation for harvest intervals for southeastern wildrye
should be between less than 40-d, depending on environmental and economical
constraints of course.
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Acid Detergent Fiber
The first harvest of 2011 (Apr 4) resulted in the control (22.5%) having
significantly lower mean percentage ADF than the 40 (24.1%), 30 (24.2%), and 80-d
(24.5%) treatments, but not the 20 (23.4%) nor 60-d (23.4%) treatments (Table 22). For
the second harvest, the 20 (29.6%) and 30-d (29.8%) harvests were significantly lower in
mean ADF than the 60 (32.5%) and 80-d (34.2%), but not the control (28.6%) nor 40-d
(30.6%) treatments. The third harvest resulted in the 20-d (30.4%) treatment being
significantly less than the 40-d (32.3%), but not the control (31.1%) nor 30-d (31.8%)
treatment. For the fourth harvest of 2011, the 20-d (30.1%) was significantly lower than
the other two treatments (control 30.1% and 30-d 33.6%). No significant differences
were observed between treatments for the fifth harvest of 2011.
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24.1 a C

24.2 a D

23.4 ab C

40 d (3)

30 d (4)

20 d (5)

3rd

29.6 c B

29.8 c C

4th

30.4 b B

5th

2nd

3rd

26.4 e D

4th

28.5 c C 31.9 c B

32.8 b B 34.5 b AB

30.8 cd C 35.3 a B

34.9 ab A 29.4 d C

37.3 a A

33.1 bc A 32.1 bc A

34.9 abc B 37.2 a A

1st

30.1 b B 32.6 a A 33.3 c A

31.8 ab B 33.6 a A

30.6 bc B 32.3 a A

32.5 ab A

34.2 a A

2nd

% ADF

Second harvest year (2012)

Control
22.5 b B
28.6 bc B 31.1 ab A 30.1 a B 35.4 a B 29.9 d A 31.9 ab A 32.7 b A 35.3 a A
Days between successive harvests with number of harvest per season in parentheses.

41.3 a A

33.1 b A

5th

First (cleaning) harvest dates were Apr 4, 2011 and Mar 20, 2012. Subsequent harvests were conducted from these dates based
on harvest treatment intervals.

¶

Control was harvested by selecting two plants within each row. These same plants would not be harvested again until the
following year.

§

Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p
# 0.05.
*Upper case letter within a row denotes differences between means within the year. Means separated by Tukey’s LSD at p #
0.05.

†

‡

23.4 ab B

60 d (2)

§

24.5 a B*

†

1st

¶

First harvest year (2011)

Effect of harvesting frequency on forage quality based on acid detergent fiber (ADF) percentages from
southeastern wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

80 d (1 )

‡

Frequency

Table 22

When comparing harvests within each treatment for 2011, significant differences
were observed. Beginning with the control, all harvests were significantly lower in mean
percentage ADF values than the third (31.1%) harvest. Under the 5-cut, 20-d treatment,
the first (23.4%) harvest had a significantly lower mean percentage ADF value when
compared to all other harvests. The second (29.6%), third (30.4%), and fourth (30.1%)
harvests were higher than the fifth (32.6%) harvest. Under the 30-d treatment, mean
percentage ADF values increased (poorer forage quality) significantly for each successive
harvest beginning with 24.2% for the first harvest, followed by: second (29.8%), third
(31.8%), and fourth (33.6%) harvests. The same pattern was experienced for the 40-d
treatment: mean ADF percentages decrease significantly with subsequent harvests. The
lowest was the first (24.1%) harvest, followed by the second (30.6%), and third (32.3%).
The two, 2-cut systems resulted in the first harvest (60-d 23.4% and 80-d 24.5%) being
significantly lower than their second harvests (32.5% and 34.2, respectively).
Mean percentage ADF values for the 2012 season within each harvest experienced
significant interactions. The control (29.9%) was significantly lower than all other
treatments for the first harvest (Mar 20). This was followed by the 20-d (33.3%)
treatment, which was lower than the 40-d (37.3%) and 30-d (34.9%), but not the 60-d
(33.1%) or 80-d (34.9%). The second harvest showed the 20-d (26.4%) treatment having
significantly lower mean ADF values than all other treatments. The 30-d (29.4%) was
lower than the control (31.9%), and the 60 (32.1%) and 80-d (37.2%) treatments, but not
the 40-d (30.8%). Under the third harvest, the 20-d (28.5%) cutting interval had a
significantly lower mean ADF value than the other treatments. This value was followed
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by the control (32.7%) and 30-d (32.8%) treatment, which were significantly higher than
the 40-d (35.3%) treatment. The 20-d (31.9%) cutting interval was again significantly
lower than all other treatments for the fourth harvest, followed by the 30-d (34.5%),
which was higher than the control (35.3%). For the fifth and final harvest of 2012, the
20-d (33.1%) treatment again was significantly lower than the control (41.3%).
Significant interaction within each treatment was observed for the 2012 season as
well. However, no significant differences were observed for the control or the 60-d
treatment. For the 20-d treatment, mean ADF percentages increased significantly with
each successive harvest following the lowest percentage of 26.4 for the second harvest
(third 28.5%, fourth 31.9%, and fifth 33.1%). As for the 30-d treatment, the lowest
significant value was for the second (29.4%) harvest. This was followed by the third
(32.8%) harvest which was significantly higher than the first (34.9%) harvest, but not the
fourth (34.5%). The second (30.8%) harvest was again significantly lower than the other
two harvests for the 40-d treatment. This was followed by the third (35.3%) harvest,
which was lower in value than the first (37.3%) harvest. No significant interaction was
found in the 60-d treatment. However, for the 80-d treatment, the first (34.9%) harvest
was significantly lower than the second (37.2%) harvest.
Maximum ADF levels for good quality hay should be below 35% (Weiss et al.
2010). All treatments and harvests resulted in values meeting this requirement, except for
the second harvest in the 80-d (37.2%) treatment and the third harvest in the 40-d (35.3%)
treatment; both in 2012. Warm winter temperatures and accelerated spring growth
combined with the lack of replenishing nutrients (one fertilizer treatment), and increasing
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plant maturity led to poorer quality forage analysis for the higher harvesting intervals.
Acid detergent fiber analysis for the Wildrye Harvest Regime were similar to those
recorded for the Mississippi Cool-Season Forage Variety Trial and the Wildrye Forage
Variety Trial. As stated in the CP and NDF discussion earlier in this section,
southeastern wildrye should be harvested (mechanically or by grazing) in harvest
intervals less than 40-d to meet quality standards for producing good forage for livestock
consumption. Such defoliation events increase plant development (as measured by
subsequent yields).
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CHAPTER V
SUMMARY AND CONCLUSIONS

In the southeastern United States, there is a need for a native, perennial cool-season
grass component for livestock grazing and restoration and reclamation of grasslands.
Decreasing land resources and increasing input costs require grasslands to have a dualpurpose role that provides wildlife benefits and meets the expectations and needs of the
landowner in providing quality forage for livestock. Mild, wet winters in this region
allow virtually year-round grazing for livestock producers. For those interested in
implementing a completely native grazing system, a cool-season grass must be available
for use. Three years of experimentation and field trials were conducted at Mississippi
State University assessing southeastern wildrye as a potential native cool-season forage
and conservation component.
Very little research has been conducted on wildrye, with less on southeastern
wildrye. In dealing with any new potential crop, basic agronomic tests must be conducted
to thoroughly investigate parameters and establish base information for use in future
research and breeding programs. Research and experimentation outlined in this
manuscript included: optimal requirements for germination, establishment protocols,
forage quantity and quality, and harvest management.
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Optimal temperature requirements for southeastern wildrye germination were
evaluated on five accessions ranging in location from Upton, KY south to Laurel, MS.
The locations of the collection sites from north to south were as follows: Upton, KY
(37.46o N); Bolivar, TN (35.26oN); Athens, AL (34.80o N); Starkville, MS (33.46o N);
Laurel, MS (31.69o N). Temperature treatments applied to each lot were 10/5, 15/10,
20/15, and 25/20oC. Accessions demonstrated differences in germination, quiescence,
and dormancy due to temperature. The Laurel, MS (southern-most latitude) seedlot had
significantly greater germination at the 20/15oC treatment. All other accessions
germinated equally as well at the 20/15 and 15/10oC treatments. Significantly lower
germination was experienced at the extreme temperature treatments (10/5 and 25/20oC).
These same temperature regimes also forced the greatest amount of quiescence in all
seedlots. Dormancy was highest in the Laurel, MS accession (37.0%). The Bolivar, TN
lot had much lower dormancy (< 8.0%). Low variability in response to temperature
treatments suggests that accessions did not differ significantly due to latitude (collection
site), but rather to environmental conditions during seed development which inhibited
germination. This data suggests the optimal temperature required for germination is
between 15 and 20oC.
Optimal light requirements for germination of southeastern wildrye were evaluated
on a land race population, produced in Starkville, MS. Light treatments included:
constant light (50-60 µmol m-2s-1 illumination), constant darkness, short day (8 hr light),
and long day (16 hr light) exposure. Light treatment did affect velocity of germination.
Constant dark and constant light treatments had significantly greater initial germination
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than the long day and short day treatments (two week period). There were no significant
differences between any of the light treatments by the end of the four week assessment
period. While no significant differences were observed in cumulative germination, onset
of germination was affected by treatment and could impact stand success, particularly on
drought-prone, weedy soils. Our results indicate that for southeastern wildrye, light
requirements do not influence germination as much as temperature, but planting with soil
coverage can be a positive factor for stand establishment.
Two experiments were conducted in order to determine optimum pH for
germination and seedling growth of wildrye. The first experiment evaluated three acid
sources (HCl, H2SO4, and H3PO4) at four pHs (3, 4, 5, and 7) and their effects on
germination of southeastern wildrye. Seed placed in the solutions with pHs of 5 and 7
had significantly greater germination (76.9 and 75.5%, respectively) than the other two
treatments. The hydrochloric acid solution generated significantly greater germination
percentages than the other two acids with an overall mean percentage of 66.7. The results
of the first pH experiment adequately displayed the range and type of acid tolerance of
wildrye. Southeastern wildrye tends to germinate the greatest in soils with a pH greater
than 5.0, even though germination was observed in lower pHs. The second experiment
expounded the results from the first by evaluating seedling development in the same pHs
and acid sources. Unfortunately, significant results were not observed due to
environmental stresses accrued during the greenhouse phase of this experiment. Heat
stress and longer day length (as reported in light germination experiment) are believed to
be two major reasons of failure for this experiment. Positively speaking, there appears to
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be a very general pH requirement for germination of southeastern wildrye. As with most
native species, there is a window of opportunity for germination of breeding plants with
lower nutritive requirements. The adaptation for certain populations to extreme
environments gives this species a distinct advantage when beginning a breeding program.
Soil pH could likely affect stand establishment, thus decreasing subsequent forage
availability. Therefore, selection of acid soil (aluminum) tolerant mother plants of
wildrye could be a base characteristic of a new cool-season forage.
Non-deep physical dormancy (mechanical structures that inhibit germination) was
assessed on southeastern wildrye to determine if the removal or presence of certain
appendages (glume and beard) affected germination. The four treatments applied were:
beard and glume intact (control), beard intact and glume removed, beard removed and
glume intact, and beard and glume removed. The debearded/glumeless and
bearded/glume attached treatments had significantly greater initial germination (35-d)
percentages than the debearded/glume attached (43.3%) treatment with 55.7 and 55.3%,
respectively, but not the bearded/glumeless treatment (54.7%). There were no significant
differences in rate of germination across all treatments. As for dead or non-viable seed,
there were no significant differences between treatments (i.e. removal of these structures
from the seed did not impact immediate viability). Results observed in this experiment
showed that the debearded/glume attached had numerically less mean percentage
germination than all other treatments. Therefore, debearding southeastern wildrye is not a
recommended cleaning process in order to preserve innate germination capabilities.
However, unclean seed may cause “bridging” in tubes transferring seed from the hopper
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to planting unit in no-till seeding. Planting rates should be adjusted to accommodate
reduced germination when establishing debearded southeastern wildrye.
Optimal planting depth for southeastern wildrye was studied under greenhouse
conditions. Five planting depths were assessed ranging from surface planting to a depth
of 2.54 cm. For the two years this study was conducted, the 0.64 cm treatment had
greater percentage of seedlings to emerge than most other treatments. Shallower (0.64
cm) planting depth of southeastern wildrye enables seed mixes (multiple species) to be
planted simultaneously without changing equipment settings or requiring multiple
planting events.
Forage quantity and quality were measured in three experiments. The first two
were replicated field trials comparing native (non-improved) wildrye entries with nonnative (improved) cool-season grasses. In the Mississippi Cool-Season Forage Variety
Trial, the non-native entries, particularly the orchardgrasses and tall fescues,
outperformed the native entries in height, yield, and ground cover ratings. For all entries,
mean height and yield diminished as the trial progressed. The negation of soil nutrients
following successive harvests caused native entries’ stands to diminish. Climactical
conditions also caused stand reduction, as a majority of the wildryes did not survive the
warm and dry summer conditions, mostly due to their origin of collection and production.
Southeastern wildrye (most adapted) and Icy Blue Canada wildrye remained somewhat
persistent throughout the entirety of the trial. In terms of forage quality, wildrye entries
were comparatively similar to the non-native entries. Analysis of CP, NDF, and ADF
indicated relatively high innate nutritional values of certain native entries (southeastern,
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Icy Blue Canada and Virginia wildrye) that met dietary requirements for livestock. This
was due, in most part, to maturity stage of the plants when harvests took place. The
wildrye entries tend to mature later in the spring, remaining vegetative (higher nutritional
quality) longer into the summer months. Results of the Mississippi Cool-Season Forage
Variety Trial verified the need for improved native germplasm in order to compete as a
domestic forage.
Forage quality was investigated further in the Wildrye Forage Trial (second
replicated field trial), in which wildryes were compared to Kentucky-31 tall fescue.
Forage analysis results from this study were somewhat better in quality (CP, NDF, ADF)
than those recorded for the Mississippi Cool-Season Forage Variety Trial. This was due,
in most part, to cleaner sampling. Transplanting individual plants allowed for more
effective weed control within the plots, therefore weedy biomass did not skew analyses.
Our data showed comparative quality characteristics between the native wildryes
(specifically southeastern wildrye) and Kentucky-31 tall fescue. Crude protein levels
were significantly higher for most harvests (4 conducted in 2 yrs) for the native wildrye
entries when compared to Kentucky-31. As for NDF and ADF, Kentucky-31 was
significantly lower for both parameters for the first harvest, but statistically the same as
some of the other entries in the remaining harvests. Persistence was not as much of an
issue in this trial, due to less harvests and method of establishment. However, forage
quality analysis conducted for this trial clearly demonstrated the potential for southeastern
wildrye to supply required nutrients for livestock.
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The final trial assessing southeastern wildrye as a forage was the Harvest Regime
Trial. This study evaluated harvest intervals (20, 30, 40, 60, and 80-d) and subsequent
regrowth for two years. Measurements on subsequent growth were taken along with
forage quality analysis. For the 20, 30, and 40-d treatments, the second year (2012)
harvests generated significantly greater cumulative DM yields than the first year (2011).
Lower forage yields observed in 2011 with shortening of harvest intervals reflected plant
compensatory growth. Crude protein analysis for the two years of harvests showed that
the 20, 30, and 40-d harvest intervals kept CP levels higher than 7.4% for both years.
Only the 20 and 30-d harvest intervals recorded NDF percentages lower than 65.0% for
both years. As for ADF, again, only the 20 and 30-d harvest intervals maintained quality
levels (< 35.0%) for both years. This analysis shows that for southeastern wildrye,
harvests should be conducted every 20 to 30-d in order to maintain nutritional
requirements for livestock consumption.
The main literary research used in this manuscript are the two papers by Sanderson
et al. (2004a and b). Their conclusions based on Virginia wildrye as a potential forage
and conservation planting in the northeastern United States stated that this cool-season
species is comparable (in terms of forage quality) to other, improved cool-season grasses
such as orchardgrass and tall fescue and would provide suitable forage for livestock.
However, they also stated that stand persistence and subsequent regrowth was an issue.
Our studies conducted at Mississippi State University on the evaluation of southeastern
wildrye using similar techniques and methods reiterates the need for improving local
ecotypes. Innate forage quality characteristics for non-improved southeastern wildrye are
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comparative to improved orchardgrasses and tall fescues. Not unlike the previous
findings of Sanderson et al. (2004a and b), stand persistence was also an issue for
southeastern wildrye. Visual observations in the replicated field trials noted individuals
with the capacity to withstand persistent defoliation. Therefore, selections could be made
within our land race population of southeastern wildrye to develop grazing tolerant
cultivars.
Research and results described in this manuscript have provided a baseline of
information that can be used for future breeding programs. The desire for improved,
native germplasm is growing. Private and public entities responsible for land
management are becoming more aware of the necessities for combining wildlife habitat
with production agriculture. The ability to provide high quality, native plant materials for
this need was the basis for this research. Suggestions for future advances on this research
include: identification, selection, and development of southeastern wildrye plants with
enhanced forage (persistence, palatability, lodging resistance) and establishment (higher
germination, awnless) characteristics, grazing trials, and fertility response trials.
When establishing southeastern wildrye, debearded seed should be planted at a
depth of 0.64 cm (and covered) when air temperatures reach 15-20oC. Seeding rates
should be based on PLS, and adjusted to counter debearding process. Dry matter yields
ranging from 2.6-4.0 Mg/ha for un-fertilized stands can be expected. In order to maintain
stands and provide quality forage for livestock, southeastern wildrye should be grazed or
harvested every 20-30 days.
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ANALYSIS OF VARIANCE FOR VARIETY, HARVEST, AND YEAR EFFECTS FOR
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Table A.1

Analysis of variance for variety (VAR), harvest (HAR), and year (Yr) for
the Mississippi Cool-Season Forage Variety Trial.

Source

df

DM†

Heights

GCR ‡

CP§

NDF ¶

ADFƒ

VAR

17

*

*

*

*

*

*

HAR

6

*

*

*

*

*

*

VAR x HAR

102

*

*

*

*

*

*

Yr

1

*

*

*

*

*

*

Yr x VAR

17

*

*

*

*

*

*

Yr x HAR

6

*

*

*

*

*

*

Yr x VAR x HAR 102
*
*
*
*
*
*
*Significant at the 0.05 level.
†
DM, dry matter yields.
‡
GCR, ground coverage ratings (scale of 1 to 5: 1 - less than 20% of plot has desired
species present; 5 - greater than 80% of plot has desired species present).
§
CP, crude protein.
¶
NDF, neutral detergent fiber.
ƒ
ADF, acid detergent fiber.
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163

†

58.6 abcde
58.6
1.7

56.9 abc
59.8 a
59.0 ab
58.6 ab
56.3 bc
57.9 ab
58.9 ab
57.8
3.2

Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue
Test Mean
LSD

Tukka’ timothy

1.9

60.4

60.9 abcd

59.6 bcde

59.8 bcde

62.3 a

61.1 abc

61.1 abc

59.3 cde

61.2 abc

60.6 abcd

60.1 bcde

60.5 abcd

58.4 e

62.0 a

59.1 de

59.5 bcde

60.9 abcd

61.4 ab

59.6 bcde

Jun 8

2.4

63.6

63.8 abcde

64.1 abcd

64.1 abcde

64.0 abcde

64.4 abcd

64.6 abc

64.7 ab

65.3 a

63.9 abcde

63.5 abcde

63.7 abcde

63.8 abcde

63.6 abcde

62.3 cde

61.7 e

62.8 bcde

62.9 bcde

62.0 de

Dec 12

1.5

61.2

60.7 cdef

60.7 cdef

60.6 cdef

61.5 abcde

60.1 ef

60.9 bcdef

60.6 def

61.3 abcdef

60.1 ef

62.1 abc

61.5 abcde

62.4 ab

61.4 abcde

62.7 a

59.9 f

61.8 abcd

61.4 abcde

61.9 abcd

Mar 20

2.6

55.9

55.7 abc

56.5 ab

56.4 ab

56.3 abc

56.1 abc

55.4 abc

56.1 abc

55.7 abc

53.8 c

55.8 abc

55.7 abc

56.6 ab

55.3 abc

57.3 a

56.2 abc

54.3 bc

56.6 ab

56.1 abc

Apr 11

2012

2.9

55.2

54.7 abc

55.9 abc

55.8 abc

56.1 abc

55.9 abc

54.4 abc

55.1 abc

53.9 bc

53.3 c

54.6 abc

54.6 abc

55.6 abc

55.9 abc

56.9 a

55.4 abc

54.4 abc

56.3 ab

55.1 abc

May 8

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.

58.4 bcde

57.5 cde

58.9 abcd

59.4 ab

59.4 ab

60.2 a

58.8 abcde

57.4 de

58.4 ab

58.4 bcde

57.2 e

Dactylis

54.7 c

Elymus

Slender wheatgrass

58.3 bcde

‘Pennlate’ orchardgrass

58.7 ab

Elymus

Southeastern wildrye

58.8 abcde

57.1 abc

57.6 abc

Elymus

‘Icy Blue’ Canada wildrye

59.0 abcd

Dactylis

57.4 abc

Elymus

Virginia wildrye

57.5 cde

‘Potomoc’ orchardgrass

58.5 ab

Elymus

Bottlebrush wildrye

57.6 cde

57.3 abc

57.2 abc

Elymus

Riverbank wildrye

59.2 abc

Thynopirum

58.3 ab

Elymus

Canada wildrye

59.9 ab

May 9

2011

Intermediate wheatgrass

58.4 ab

†

Apr 10

Elymus

Genus

‘Omaha’ Virginia wildrye

Common Name

Entry

Table B.1 Total digestible nutrient (TDN) analysis for the Mississippi Cool-Season Forage Variety Trial conducted in
2011 and 2012.
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64.3 abcde
64.2
1.8

62.8 abc
64.1 ab
63.0 abc
63.3 abc
64.3 ab
60.2 c
62.9 abc
62.6 abc
64.0 ab
62.5 abc
64.5 a
64.7 ab
64.3 ab
61.9 bc
63.5 abc
64.6 ab
63.5
3.3

Elymus
Elymus
Elymus
Elymus
Elymus
Elymus
Thynopirum
Dactylis
Dactylis
Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

Bottlebrush wildrye

Southeastern wildrye

Slender wheatgrass

Intermediate wheatgrass

‘Potomoc’ orchardgrass

‘Pennlate’ orchardgrass

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Tukka’ timothy

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue
Test Mean

Virginia wildrye

‘Icy Blue’ Canada wildrye

LSD

Riverbank wildrye

2.0

66.1

66.6 abcd

65.2 bcde

65.5 bcde

68.1 a*

66.8 abc

66.9 abc

65.0 cde

66.9 abc

66.3 abcd

65.8 bcde

66.2 abcd

64.1 e

67.8 a

64.8 de

65.1 bcde

66.7 abcd

67.1 ab

65.3 bcde

Jun 8

2.5

69.5

69.6 abcde

69.9 abcd

69.9 abcde

69.9 abcde

70.3 abcd

70.5 abc

70.6 ab

71.2 a

69.7 abcde

69.3 abcde

69.6 abcde

69.7 abcde

69.4 abcde

68.0 cde

67.4 e

68.6 bcde

68.7 bcde

67.8 de

Dec 12

1.6

67.0

66.5 cdef

66.4 cdef

66.4 cdef

67.3 abcde

65.8 ef

66.6 bcdef

66.3 def

67.1 abcdef

65.8 ef

67.9 ab

67.3 abcde

68.1 ab

67.2 abcde

68.5 a

65.6 f

67.6 abcd

67.2 abcde

67.8 abcd

Mar 20

†
Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

64.0 bcde

63.1 cde

64.6 abcd

65.1 ab

65.0 ab

65.9 a

64.4 abcde

63.0 d

64.0 bcde

62.8 e

63.9 bcde

64.5 abcde

64.7 abcd

63.1 cde

63.2 cde

64.8 abc

63.9 ab

Elymus

Canada wildrye

65.6 ab

May 9

64.0 ab

†

Apr 10

Elymus

Genus

2011

‘Omaha’ Virginia wildrye

Common Name

Entry

2.6

61.4

31.2 abc

62.0 ab

61.9 ab

61.9 abc

61.6 abc

60.9 abc

61.6 abc

61.3 abc

59.3 c

61.3 abc

61.3 abc

62.2 ab

60.8 abc

62.9 a

61.7 abc

59.8 bc

62.2 ab

61.6 abc

Apr 11

2012

3.0

60.8

60.2 abc

61.5 abc

61.4 abc

61.7 abc

61.4 abc

59.9 abc

60.6 abc

59.4 bc

58.8 c

60.1 abc

60.1 abc

61.1 abc

61.4 abc

62.6 a

60.9 abc

59.9 abc

61.9 ab

60.6 abc

May 8

Table B.2 Digestible dry matter (DDM) analysis for the Mississippi Cool-Season Forage Variety Trial conducted in 2011
and 2012.
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2.2
0.3

2.4 abc
2.2 bcd
2.2 bcd
2.2 d
2.2 cd
2.2 cd
2.1 d
2.3 bcd
2.2 bcd
2.4 ab
2.2 bcd
2.2 bcd
2.2 bcd
2.2 bcd
2.1 d
2.3
0.2

Elymus
Elymus
Elymus
Elymus
Elymus
Thynopirum
Dactylis
Dactylis
Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

Southeastern wildrye

Slender wheatgrass

Intermediate wheatgrass

‘Potomoc’ orchardgrass

‘Pennlate’ orchardgrass

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Tukka’ timothy

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue
Test Mean

Virginia wildrye

‘Icy Blue’ Canada wildrye

LSD

Bottlebrush wildrye

2.0 d

2.1 cd

2.2 bcd

2.3 bcd

2.2 bcd

2.3 abc

2.3 abcd

2.1 cd

2.2 bcd

2.4 ab

2.2 cd

2.2 cd

2.1 cd

2.2 bcd

2.2 bcd

Jun 8

0.2

2.4

2.3 cde

2.3 cde

2.3 cde

2.5 abc

2.3 abcde

2.3 cde

2.3 bcde

2.4 abcde

2.3 bcde

2.4 abcde

2.6 a*

2.2 e

2.5 abcd

2.3 de

2.3 cde

2.5 abcd

2.5 ab

2.3 cde

2011

0.3

2.5

2.4 bc

2.5 abc

2.5 abc

2.8 a

2.6 abc

2.5 abc

2.6 abc

2.7 ab

2.6 abc

2.6 abc

2.6 abc

2.5 abc

2.6 abc

2.4 c

2.3 c

2.4 bc

2.5 abc

2.5 bc

Dec 12

0.1

2.3

2.2 efg

2.3 abcdef

2.2 fg

2.3 abcdef

2.2 g

2.3 bcdefg

2.3 defg

2.3 cdefg

2.2 fg

2.4 abc*

2.3 efg

2.4 abc*

2.4 abcd*

2.4 a*

2.4 ab*

2.3 bcdef

2.3 bcdefg

2.3 abcde

Mar 20

Apr 11

2012

0.1

2.1

1.9 e

2.1 abcde

1.9 de

2.1 bcde

2.1 abcd

2.1 abcd

2.1 abc

2.1 abcde

2.0 cde

2.1 abcd

2.1 abcd

2.2 a*

1.9 de

2.1 abcde

2.1 abc

2.1 abcde

2.1 abc

2.2 ab*

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

†

2.1 d

2.1 d

Elymus

Riverbank wildrye

2.5 a*

2.5 a*

Elymus

Canada wildrye

2.4 ab

May 9

2.6 a *

†

Apr 10

Elymus

Genus

‘Omaha’ Virginia wildrye

Common Name

Entry

0.1

2.1

2.0 ab

2.1 a

2.1 ab

2.1 ab

2.1 ab

2.1 ab

2.1 ab

2.1 ab

2.1 a

2.1 ab

2.0 ab

2.0 ab

2.0 b

2.0 b

2.0 b

1.9 b

2.1 ab

2.1 ab

May 8

Table B.3 Dry matter intake (DMI) analysis for the Mississippi Cool-Season Forage Variety Trial conducted in 2011 and
2012.
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14.4

109.4 de
108.9 de
107.8 de
102.5 e
106.8 de
101.3 e
108.3 de
123.5 abc
110.9 cde
111.9 bcde
106.7 de
110.6 cde
106.5 de
111.4
14.1

Elymus
Elymus
Elymus
Elymus
Elymus
Thynopirum
Dactylis
Dactylis
Dactylis
Dactylis
Dactylis
Phleum
Schedonorus
Schedonorus
Schedonorus

Southeastern wildrye

Slender wheatgrass

Intermediate wheatgrass

‘Potomoc’ orchardgrass

‘Pennlate’ orchardgrass

‘Profit’ orchardgrass

‘Olympia’ orchardgrass

‘Tekapo’ orchardgrass

‘Tukka’ timothy

‘Kentucky-32' tall fescue

‘Kentucky-31' tall fescue

‘Jesup MaxQ’ tall fescue
Test Mean

Virginia wildrye

‘Icy Blue’ Canada wildrye

LSD

Bottlebrush wildrye

117.1 bcde

117.1 bcde

119.4 abcde

122.8 abcde

131.5 ab

110.1 e

129.7 abc

113.0 de

114.1 de

126.8 abcd

101.5 e

102.9 e

110.1 bcde

14.4

121.0

118.2 abcde

115.7 cde

117.4 bcde

130.9 ab

114.1 abcde 121.1 abcde

112.3 bcde

119.9 abc

104.9 de

110.1 bcde

118.5 abcd

107.0 cde

108.6 cde

105.1 de

108.6 cde

106.9 cde

21.7

136.5

131.5 ab

136.2 ab

137.2 ab

150.7 a

139.9 ab

136.3 ab

139.6 ab

151.1 a

138.3 ab

140.5 ab

140.3 ab

137.5 ab

138.4 ab

125.1 b

122.7 b

129.9 ab

133.0 ab

129.6 ab

Dec 12

95.9 bcd

101.5 abc

102.6 ab

Apr 11

2012

6.5

119.4

115.6 efg

119.6 bcdef

114.9 efg

120.4 bcdef

112.7 g

117.9 cdefg

116.6 defg

118.6 bcdefg

113.9 fg

124.4 abc

117.9 cdefg

124.8 ab

122.7 abcd

126.9 a

7.4

98.9

93.8 d

99.5 abcd

95.7 bcd

98.9 abcd

99.6 abcd

98.8 abcd

102.5 ab

98.4 abcd

94.1 cd

99.3 abcd

98.7 abcd

104.4 a

94.1 cd

101.4 abc

120.4 abcdef 100.8 abcd

120.4 abcde

119.4 bcdef

122.4 abcd

Mar 20

Letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p # 0.05.
*Denotes significantly greater than test mean.

†

111.1

119.7 abcd

113.2 abcde 114.1 abcde 124.8 abcd

102.8 e

104.3 e

Elymus

132.2 a

Riverbank wildrye

126.9 a*

125.3 ab

Elymus

115.4 cde

Jun 8

Canada wildrye

124.4 ab

May 9

127.3 a *

†

Apr 10

Elymus

Genus

2011

‘Omaha’ Virginia wildrye

Common Name

Entry

9.9

97.2

94.9 ab

102.2 a

99.5 ab

99.8 ab

98.8 ab

96.9 ab

99.2 ab

95.6 ab

98.1 ab

97.2 ab

94.9 ab

96.2 ab

96.2 ab

97.8 ab

95.5 ab

92.1 b

98.7 ab

95.7 ab

May 8

Table B.4 Relative feed value (RFV) analysis for the Mississippi Cool-Season Forage Variety Trial conducted in 2011 and
2012.
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Table C.1

Total digestible nutrients (TDN) for the Wildrye Forage Trial conducted in
2011 and 2012.
2011
Entry

2012

Jun 12

Mar 20

Apr 11

May 8

TDN (%)
‘Omaha’ Virginia wildrye

61.4 d†

57.6 a

52.9 a

58.0 a

Canada wildrye

61.6 cd

53.9 b

51.8 a

53.9 cd

Riverbank wildrye

61.3 d

55.6 ab

52.8 a

55.7 bc

Bottlebrush wildrye

62.0 bcd

56.1 ab

51.6 a

53.5 d

Virginia wildrye

62.5 b

56.8 ab

52.8 a

57.6 ab

‘Icy Blue’ Canada wildrye

62.2 bc

56.7 ab

52.8 a

58.2 a

Southeastern wildrye

60.3 e

55.8 ab

51.9 a

55.0 cd

‘Kentucky-31' tall fescue

67.4 a

55.6 ab

52.6 a

57.2 ab

62.3

56.0

52.4

56.1

Test Mean

0.8
3.0
2.9
1.9
LSD
Letter following mean denotes differences between means within a column. Means
separated by Tukey’s LSD at p # 0.05.

†
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Table C.2

Digestible dry matter (DDM) for the Wildrye Forage Trial conducted in
2011 and 2012.
2011
Entry

2012

Jun 12

Mar 20

Apr 11

May 8

DDM (%)
‘Omaha’ Virginia wildrye

67.1 d

63.2 a

58.4 a

63.7 a

Canada wildrye

67.3 cd

59.4 b

57.2 a

59.3 cd

Riverbank wildrye

67.1 d

61.1 ab

58.2 a

61.3 bc

Bottlebrush wildrye

67.8 bcd

61.7 ab

56.9 a

58.9 d

Virginia wildrye

68.3 b

62.5 ab

58.1 a

63.2 ab

‘Icy Blue’ Canada wildrye

67.9 bc

62.3 ab

58.3 a

63.8 a

Southeastern wildrye

66.0 e

61.3 ab

57.4 a

60.5 cd

‘Kentucky-31' tall fescue

73.3 a

61.1 ab

58.0 a

62.8 ab

68.1

61.6

57.8

61.7

Test Mean

0.8
3.2
3.0
2.0
LSD
Letter following mean denotes differences between means within a column. Means
separated by Tukey’s LSD at p # 0.05.

†
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Table C.3

Dry matter intake (DMI) analysis for the Wildrye Forage Trial conducted
in 2011 and 2012.
2011
Entry

Jun 12

2012
Mar 20

Apr 11

May 8

DMI (%)
‘Omaha’ Virginia wildrye

2.5 b

2.4 a

2.3 ab

2.2 a

Canada wildrye

2.5 b

2.1 cd

2.3 abc

2.1 ab

Riverbank wildrye

2.5 b

2.2 bc

2.3 a

2.1 ab

Bottlebrush wildrye

2.4 bc

2.2 b

2.3 ab

2.0 b

Virginia wildrye

2.5 b

2.2 bc

2.1 cd

2.1 ab

‘Icy Blue’ Canada wildrye

2.5 b

2.1 bcd

2.2 bcd

2.1 ab

Southeastern wildrye

2.3 c

2.0 d

2.1 cd

2.1 ab

‘Kentucky-31' tall fescue

2.8 a

2.0 d

2.1 d

2.1 ab

2.5

2.2

2.2

2.1

Test Mean

0.1
0.1
0.1
0.1
LSD
Letter following mean denotes differences between means within a column. Means
separated by Tukey’s LSD at p # 0.05.

†
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Table C.4

Relative feed value (RFV) analysis for the Wildrye Forage Trial conducted
in 2011 and 2012.
2011
Entry

2012

Jun 12

Mar 20

Apr 11

Jun 8

RFV (%)
‘Omaha’ Virginia wildrye

128.6 b

116.7 a

104.9 a

Canada wildrye

127.8 b

96.7 c

100.6 a

96.7 bc

Riverbank wildrye

131.0 b

102.1 bc

105.2 a

98.9 bc

Bottlebrush wildrye

126.5 b

106.3 b

101.9 a

91.7 c

Virginia wildrye

134.4 b

104.7 bc

96.5 a

103.4 ab

‘Icy Blue’ Canada wildrye

132.9 b

102.2 bc

98.5 a

103.2 ab

Southeastern wildrye

116.3 c

96.4 c

95.6 a

96.7 bc

‘Kentucky-31' tall fescue

157.2 a

95.7 c

95.7 a

103.3 ab

99.9

100.0

Test Mean

131.8

102.6

106.4 a

8.5
9.5
10.0
7.7
LSD
Letter following mean denotes differences between means within a column. Means
separated by Tukey’s LSD at p # 0.05.

†
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173

56.1 b B
57.5 b B
54.3 c B
56.2 b B
57.4 b B

80 d (2‡)

60 d (2)

40 d (3)

30 d (4)

20 d (5)

3rd

60.4 a A

60.0 a A
59.5 a A

58.5 ab A

60.6 a A 58.1 b A

61.4 a A

60.3 a A

2nd

59.8 a A

57.2 b B

4th

57.9 a B

5th

1st
55.3 d B

2nd

3rd

4th

5th

61.0 a B 58.4 a C 57.5 a C

57.7 abc B 57.7 b B 56.5 b B

56.5 bcd B 55.9 c B

64.8 ab A 59.4 a C

64.2 b A

64.3 b A

64.8 ab A 57.9 ab B

64.0 b A

% TDN

Second harvest year (2012)

Control was harvested by selecting two plants within each row. These same plants would not be harvested again until the
following year.

§

Control§
59.9 a A 59.8 a A 59.0 ab A 57.0 b B 55.8 a C 65.5 a A 56.0 cd B 57.8 b B 50.7 c C 51.4 b C
‡
Days between successive harvests with number of harvest per season in parentheses.
†Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at
p # 0.05.
*Upper case letter denotes differences between means within a row for each year. Means separated by Tukey’s LSD at p #
0.05.

1st

First harvest year (2011)

Effect of harvesting frequency on forage quality based on total digestible fiber (TDN) percentages from
southeastern wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

Frequency

Table D.1
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61.7 b B
63.1 b B
59.8 c C
61.7 b B
63.0 b B

80 d (2‡)

60 d (2)

40 d (3)

30 d (4)

20 d (5)

66.1 a A

65.6 a A

66.3 a A

67.1 a A

66.0 a A

2nd

65.2 a A

64.1 ab A

63.8 b B

3rd

65.5 a A

62.8 b B

4th

63.5 a B

5th

1st
60.8 d B

2nd

3rd

4th

5th

66.7 a B 64.1 a C 63.1 a C

63.3 abc B 63.3 b B 62.0 b B

62.1 bcd B 61.4 c B

70.7 ab A 65.0 a B

70.1 b A

70.1 b A

70.7 ab A 63.5 ab B

69.8 b A

% DDM

Second harvest year (2012)

Control was harvested by selecting two plants within each row. These same plants would not be harvested again until the
following year.

§

Control§
65.6 a A 65.5 a A 64.7 ab A 62.5 b A 61.3 a B 71.4 a A 61.5 cd B 63.4 b B 56.1 c C 56.7 b C
‡
Days between successive harvests with number of harvest per season in parentheses.
†Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p
# 0.05.
*Upper case letter denotes differences between means within a row for each year. Means separated by Tukey’s LSD at p #
0.05.

1st

First harvest year (2011)

Effect of harvesting frequency on forage quality based on digestible dry matter (DDM) percentages from
southeastern wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

Frequency

Table D.2

175

2.1 bc A
2.1 ab A
2.0 c A
2.0 bc A
2.2 a A

80 d (2‡)

60 d (2)

40 d (3)

30 d (4)

20 d (5)

2.2 a A

2.2 a A

2.3 a A

2.3 a A

2.3 a A

2nd

2.1 a A

2.0 a A

2.1 a A

3rd

2.1 a A

1.9 b B

4th

1.9 a B

5th

1st

2.7 ab A

2.7 ab A

2.7 ab A

2.7 b A

2.7 b A

% DMI

2.2 a B

2.0 b B

2.0 b B

2.0 b B

1.9 b B

2nd

2.3 a B

2.0 b B

1.8 c B

3rd

2.0 a B

1.9 b B

4th

Second harvest year (2012)

1.9 a C

5th

Control was harvested by selecting two plants within each row. These same plants would not be harvested again until the
following year.

§

Control§
2.1 ab A
2.2 a A
2.1 a A
2.0 ab A 2.0 a A
2.9 a A
1.9 b B
2.0 b B 1.7 c C 1.7 b C
‡
Days between successive harvests with number of harvest per season in parentheses.
†Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at p
# 0.05.
*Upper case letter denotes differences between means within a row for each year. Means separated by Tukey’s LSD at p #
0.05.

1st

First harvest year (2011)

Effect of harvesting frequency on forage quality based on dry matter intake (DMI) percentages from
southeastern wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

Frequency

Table D.3

176

105.1 ab B 110.0 a A 105.9 a B 104.6 a B 94.1 a C 149.2 ab A 132.1 a B

4th

5th

117.2 a C 99.5 a D 94.5 a D

95.6 b C 89.0 b D

87.3 c C

3rd

Control was harvested by selecting two plants within each row. These same plants would not be harvested again until the
following year.

§

‡

Control
108.0 a A 109.3 a A 107.4 a A 96.4 ab B 93.6 a B 157.7 a A
91.0 de B 96.9 b B 71.9 c C 74.5 b C
Days between successive harvests with number of harvest per season in parentheses.
†Lower case letter following mean denotes differences between means within a column. Means separated by Tukey’s LSD at
p # 0.05.
*Upper case letter denotes differences between means within a row for each year. Means separated by Tukey’s LSD at p #
0.05.

§

20 d (5)

147.2 ab A 113.2 b B

148.7 ab A 105.1 bc B

97.6 cd B

83.0 e B

2nd

97.2 cd B 110.5 a A 101.9 a B

107.0 a A 101.2 a B

146.0 b A

143.2 b A

1st

30 d (4)

5th

91.9 d C
93.4 b C

4th

40 d (3)

94.0 b A

3rd

101.7 bc A 99.2 b A

98.5 c A

80 d (2‡)

2nd

% RFV

Second harvest year (2012)

60 d (2)

1st

First harvest year (2011)

Effect of harvesting frequency on forage quality based on relative feed value (RFV) percentages from
southeastern wildrye (Elymus glabriflorus) stands, in their first or second harvest year (2011 and 2012).

Frequency

Table D.4

